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ABSTRACT 


The main purpose of this study was to discover the present 
average inference ability levels of elementary school students with 
respect to two inference tasks: a) visual and b) auditory-haptic. 

The experimental sample for the visual task consisted of one 
hundred and eight children, eighteen students being drawn Promreach of 
the grades one through six. Sixty-four students drawn from the same 
sample were used for the auditory-haptic task. Each student was 
assigned to a high, average or low intelligence group within each 
grade level on the basis of an I.Q. test administered during the course 
of the study. 

During the visual inference testing sessions, each student was 
presented with patterns of blocks and/or slopes hidden in an ‘inference 
machine’. The student was asked to infer the nature and distribution 
of the hidden objects on the basis of the final distribution of steel 
balls placed in slots in the ‘machine’. 

The auditory-haptic inference task consisted of the presenta- 
tion to the student of six identical aluminum boxes each containing a 
different object with distinctive physical characteristics. Each child 
was asked to infer as much as possible about the nature of each object 
from observations involving manipulation of each closed box. 

Complete audio-taped and written records were kept of the 
children's responses to the tasks. 


Analyses of the resulting data indicated the following: 
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l. <A significant relationship exists between visual inference 
score and auditory-haptic inference score as well as between each 
inference score and age, general intelligence, spatial relations 
ability and numerical ability. 

2. Essentially, no significant difference exists between boys 
and girls in inference ability. 

3. With respect to intelligence, the high I.Q. groups gener- 
ally performed significantly better on the visual inference task than 
did the low 1.Q. group. No significant differences were found to exist 
between any paired I.Q. groups on the basis of performance with respect 
to the auditory-haptic inference task. 

4. Significant differences in visual inference ability were 
found to occur between grade levels, a rapid growth in these abilities 
occurring between grades one and two and grades two and three, a grad- 
ual growth taking place thereafter. 

5. Scores obtained for the auditory-haptic inference task 
appeared to indicate that grades one, two and three preferred to use 
different criteria in characterizing the properties of objects than 
did grades four, five and six. 

An important implication of this study was that experience 
designed to improve inference abilities among children should be 
fostered, since a continual increase in inference ability from grade 


one through six was observed. 
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CHAPTER 1 


INTRODUCTION AND BACKGROUND 


The past decade has seen an evolutionary shift in science 
education from emphasis upon information for its own sake to concern 
for process, inquiry and problem solving. This change is reflected 
in the Alberta Science Curriculum by the inclusion of the following 
statement in the discussion of the objectives of science: 

The new elementary school science program has two fundamental 
but inseparable objectives. By emphasizing the development and 
use of inquiry skills as tools of investigation, the program is 
designed to enable the student to become an active and dynamic 
investigator of science. To have the student develop basic 
science concepts is a second aim. . .. (Curriculum Guide, p. 5) 
The intent is that the teacher will develop a balanced program 


where process and content receive equal emphasis (Curriculum 
Guide, p. 7). 


THE PROBLEM 


The importance which has been attached to the attainment of 
these objectives necessarily means that science curriculum development 
and student evaluation must also be carried out in terms of the stated 
objectives. 

The objectives which have been stressed in the past have been 
those centered around concepts. Evaluation has been by means of paper 
and pencil tests almost exclusively, and calling largely for recall of 
memorized information. 

Obtaining suitable methods for measuring student performance 
in handling process skills is most difficult. Few tests purporting to 


measure process skills are available and as Victor (1967) states, up 
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to the present too much stress in assessing the effectiveness of new 
programs has been placed upon teacher comment and evaluation of a 
purely testimonial and subjective nature. It is now imperative that 
new, objective measurement and evaluation procedures be formulated in 
order to properly carry out the assessment of intrinsic student abili- 
ties and of the effectiveness of implementation of those facets of the 
new programs which involve the process dimension. 

New procedures for evaluation must be found if the new science 
programs are to be successful. 

The Department of Elementary Education at the University of 
Alberta has initiated a systematic program for the measurement aLeoLroc— 
ess skills through the elementary grades, using a direct approach... The 
first two phases of this program, involving the processes of classifi- 
cation and quantification have been completed by Blackford (1970) and 
Kellough (1971) respectively. The present study is a continuation of 
this program and involves a third basic process of science, the 
ability to "infer". 

With regard to process skills Blackford and Wilson (1970) have 
asked the following questions: (1) How can we go about measuring the 
ability of the pupil in each process skill? (2) At what stage in his 
development is the child able to handle such processes? (3) At what 
stage does formal training in each process cease to be necessary? 

The answers to these questions, which are of considerable 
importance to science educators, can hopefully be arrived at, in part, 


by the current series of studies of process in general, and by the 
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present study of inferential behavior of elementary students in 


particular. 
THE PURPOSE 


The purpose of this study was to determine the abilities of 
students from grades one through six with respect to their ability to 
draw inferences from observation. More specifically, the following 
was attempted: 

1. To discover the present level of the ability to infer of 
a sample of children in each of three I.Q. groups in each of the 
grades one through six. 

2. To discover the relationships, if any, between the ability 
to infer and grade level, 1.Q., sex and age. 

3. To identify difficulties students encounter in drawing 
inferences from observation. 

4, To evaluate the growth of the ability to infer in students 
from grades one through six. 

5. To specify the relationships between a child's ability to 
use visual clues as opposed to auditory-haptic clues when drawing 


inferences from observation. 
SIGNIFICANCE OF THE STUDY 


With the new emphasis in elementary science on the development 
of process skills, on inquiry, and upon problem solving abilities, much 
basic information is required with regard to intrinsic abilities and 


developmental patterns with respect to these important skills. If 
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students are to be evaluated on the basis of their acquired process 
skills then research dealing with the development of these skills 
is essential. 

It is hoped this study will: 

1. Provide teachers with criteria by which they may judge the 
inferential abilities of students in grades one through six. 

2. Indicate at which grade levels an emphasis on the inference 
process may be most productive and beneficial. 

3. Indicate any relationship that might exist between infer- 
ence abilities and: (a) age, (b) grade, (c) sex, (d) general intel- 
ligence, (e) verbal ability, (f) spatial relations ability, (g) 
numerical ability, (h) reasoning ability, and (i) perceptual speed 
ability. 

4. Indicate particular problems students encounter in carry- 
ing out inferential tasks. 

5. Suggest possible verbal patterns that students use in 
drawing inferences. 

6. Possibly serve as an aid in the construction of written 


inference tests. 


DEFINITIONS 


1. Inference Ability. The ability to draw conclusions con- 
cerning the nature of, or underlying causes for, a phenomenon or event 
based upon observation of the phenomenon or event and upon reflection 


regarding the observation. 










7 


- 


eon) 
gaso0%g betliupos tied to efand an no bona oa ai 
alitde sasris to 1 ae oil dine aii so tueiienen: 
| Mnikaneass at 
Hitt ybuse edd haqow ek st 
eft sgbut ysm yorls riotriw Ba siraslrso ijiw abn ose? eS 


_ 
_ 


sxte igueadt<sno eobory at etnsbute to asiiitide Labtisiotak 7 

sonstsint odj no elesdqna op aiavel sberg dotdw ga. ‘st60LbaT ‘ee say : 
«istotieaed bos svitsuboty taom od yam eesd0rq ; 

~19int nsswied taixs tigim tet qifenotisley was staotbal Fe " 
-fsant Isisneg (b) .x9e (>) .sbazg (d) ,Ssg8 (Bs) hte estitiide sons ; 


(3) «yititds anotasior Istisqe (3) . ya Drees {sdysv (5) jsonsgit 
besqe Iauiqsorsq (1) bos ,vikitds gatnoessx (ft) (goRi ede Desieeane 
“Y1Is9 nt s9tnu0one etnebuse emeldoxq tslusliveq@ saeatent vs 


ai sav ejasbuie isis enis3isq ledrsy sidiascq Sasggue” 16° Sea 


ey a a 





nsajtryw to soljovrsenos oii ak bis ne es svEse eitiacot Pa 





2. Visual Inference Task. A task in which the inference 
drawn is based upon visual observation of a phenomenon or event. 

3. Auditory-Haptic Inference Task. A task in which the 
inference drawn is based upon observations involving sound (auditory) 
or touch (haptic) events associated with a phenomenon. 

4, Intelligence. Intelligence has been designated as low, 
average, or high according to the score obtained on the S.R.A. Primary 
Mental Abilities 2-4 Test (Grades 1, 2, 3) or 4-6 Test (Grades 4, 5, 
6). 

For the purpose of this study and on the basis of percentile norms 
provided by S.R.A., students from the first to thirty-third percentile 
in each grade will be designated as the low I.Q. group for that grade, 
students from the thirty-fourth to sixty-seventh percentile in each 
grade will be designated as the average I.Q. group for that grade, and 
students from the sixty-eighth to ninety-ninth percentile in each 
grade will be designated as the high I.Q. group for that grade. 

5. Verbal Ability. Refers to the score obtained by the sub- 
jects on the 'Verbal Meaning’ subtest of the S.R.A. Primary Mental 
Abilities Test. 

6. Spatial Relations Ability. Refers to the score obtained 
by the subjects on the ‘Spatial Relations' subtest of the S.R.A. 
Primary Mental Abilities Test. 

7. Numerical Ability. Refers to the score obtained by the 
subjects on the "Number Facility' subtest of the S.R.A. Primary Mental 


Abilities Test. 
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8. Reasoning Ability. Reters to the score obtained by the 
subjects on the 'Reasoning' subtest of the S.R.A. Primary Mental 
Abilities Test. 

9. Perceptual Speed Ability. Refers to the score obtained 


by the subjects on the 'Perceptual Speed’ subtest of the S.R.A. 


Primary Mental Abilities Test. 


HYPOTHESES 


1. (A) There is no significant relationship between visual 
inference scores and auditory-haptic inference scores. 

(B) There is no significant relationship between each of 
these inference scores and: (a) grade, (b) age, (c) sex, (d) general 
intelligence, (e) verbal ability, (f) spatial relations ability, (g) 
number ability, (h) reasoning ability, and (i) perceptual speed 
ability, [(d) through (i) being determined on the basis of the S.R.A. 
"Primary Mental Abilities Test" ]. 

2. There is no significant difference between boys and girls 
oH i 
(a) visual inference task score, 
(b) auditory-haptic inference task score, 
in each of the grades one through six. 
3. There is no significant difference between grade levels in: 
(a) visual inference task score, 
(b) auditory-haptic inference task score, 


from grades one through six. 
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4. There is no significant difference between low, average, 
and high I.Q. students in: 
(a) visual inference task score, 
(b) auditory-haptic inference task score, 
in each of the grades one through six. 
5. There is no significant interaction between grade level 
and 1.Q. with respect to: 
(a) visual inference task score, 
(b) auditory-haptic inference task score. 
6. There is no significant interaction between grade level 
and sex with respect to: 
(a) visual inference task score, 
(b) auditory-haptic inference task score. 
7. There is no significant interaction between I.Q. and 
sex with respect to: 
(a) visual inference task score, 


(b) auditory-haptic inference task score. 


LIMITATIONS 


1. The students in the sample will not all have been involved 
in the program outlined in the 1969 science curriculum for the same 
period of time. Some have been involved for a maximum of four years 
while others will have been involved for periods ranging from one to 
three years. Thus, the results obtained from this investigation may 
differ from those which might be obtained from a similar investigation 


conducted after the curriculum has been in effect for six years. 






.$geteve ,wol neewied sonensitib sn bit ja ah A 
Sink etme 055 Hae bia 


.syo0e dapd sonstatok fouaiv te). Pos 
~971098 Aus!) sansysint alaged=yxosuban GA)” 7 
3 _xte figvoxsld. eno ‘sg a Sa i . 


Jevel sbs1zg nsewisd not .nz9dat insolttaghe onjet ever Je aa! 


103 Joaqaez stbw —— _ rr 

,s1098 Jas sonsteini Iswety (ep) ny * ; 

1098 Aesd soasteiat sisgqsd-yroskbue (a) aS 7 

fevsf sbstg asswidd sols ersiat Insotiigatea on et susiT .@ iba at : 
:03 syeqees Matw xse bas a 

91098 3aed soversted fayadvy Gy) 

aes jesd sonateini strqed-yroathus (dy ’ ¥ ; 

bne .0.T meawied notsosrosab Jnsotitaghs on ek saad A | = ee 


103) Joaqasy assis | 
.o1008 4eat sonsisiat Lauely (a) 9° el et 








-s1098 Jas3 sooszedat ottqed-yroo hbus fd) Ss os 


eMOTTATIMED oa ) Pe 
a 


bevfovat ased sved Iis ton Litw “— ii 
emae okt 201 yk buy sonshon @ > 

up 7s a oe 7 7 7 

sae dick ainesad aicidedh: sia tll . 

| nk an er i eae 


bets ee | — mn ' 


However, as our principal concern is the study of a representative 
sample of the school population, "as it actually is", this matter need 
not cause us too much concern. 

2. The students’ prior experience or background was not 
considered in this study. 

3. The inference tasks used have construct validity but no 
attempt was made to validate the tasks by using some external criterion 
measure. The reliability of the visual inference task was determined 
but no attempt was made to determine the reliability of the auditory- 


haptic inference task. 


4. Although every effort was made to standardize procedures 
in administering and evaluating each inference task, experimenter bias 
may have influenced the evaluation and administration of the tasks. 

5. The schools selected for this study were not selected at 
random but were chosen by their respective administrations. This could 
mean that a representative sample was not obtained and this should be 
carefully considered when generalizing any of the results with respect 
to other populations. 

6. Individual teachers may have varied considerably in their 
approach and ability in teaching the new science program. This vari- 
ation could be reflected in the performance of their students in 
attempting the tasks involved in this study. 

7. %It is most difficult, if not impossible, to determine, 
account for, and control all of the variables that might influence the 


results of this study. 
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OVERVIEW OF THE STUDY 


The nature of the problem under investigation having been 
presented, a review of the literature related to the study will be 
presented in Chapter 2. Chapter 3 contains a detailed description 
of each aspect of the experimental design, the methods and materials 
used in the study, and the statistical analysis used to test the 
hypotheses. The results of the analysis of data are reported in 
Chapter 4, together with a descriptive analysis of performance on 
the instruments used. Finally, a summary of the results of the 
study, including conclusions, implications and suggestions for 


further research is presented in Chapter 5. 
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CHAPTER 2 


REVIEW OF RELATED LITERATURE 


Research literature pertaining to this study will be discussed 
under two main headings: general research related to the development 
and evaluation of process skills and research specifically related to 


the inference process. 


PROCESS SKILLS 


Since the origin of civilization each "age" has created 
peculiar problems which have posed challenges to existing teaching 
methods (Murphy, 1968). 

Challenges of this nature continue to arise and, in elementary 
science, the latest challenge is associated with the introduction of a 
process-centered approach to teaching. Although many reputable educa- 
tors (Burns, 1970) subscribe to the process approach in teaching 
science, some educators (Ausubel, 1965) still maintain that a science 
program must have as its main concern the presentation of an organized 
body of knowledge as an explicit end in itself. The present literature 
does not reveal any empirical evidence to support the view that either 
a "content centered" or a "process centered" method of teaching ele- 
mentary science is superior, although there happens to be a great 
amount of testimonial literature in support of each approach. 

Why the process approach then? Although much agreement exists 
among educators and scientists as to what the objectives of science 


education should be there is little common acceptance of the manner in 
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which the objectives of science education may be achieved. Three main 
views concerning the basis of a rationale relating child, adult and 
the scientific enterprise prevail: the first approach focuses on 
content and suggests that the teaching of science be based upon the 
concepts or unifying ideas of science - with a progression in teach- 
ing from the simple to the more complex and sophisticated concepts. A 
systematic approach to the transmission of scientific data to children 
is advocated by those who support the content view. The difficulties 
inherent in this approach are, of course, connected with the tremendous 
amount of information which must be acquired for the successful attain- 
ment of the objectives of such a program. 

The second approach to the teaching of science involves 
‘creativity’. The proponents of this view suggest that teachers of 
science should be training children to be creative ‘problem solvers’. 
Studies have shown that children who have been encouraged to pursue the 
problem-solving approach in their scientific endeavours, who are taught 
to restate the problem in their own words, to formulate critical ques- 
tions and to generate new ideas, have shown a tendency toward this same 
behavior when presented with entirely new problems (Crutchfield and 
Covington, 1963). However, as Gagné points out, there is no evidence 
available to suggest that one can speak of a trait of creativity in an 
individual that is independent of other human abilities (Gagné, 1964). 

The third approach to science teaching involves the ‘processes 
of science' in teaching the children the things that a scientist does 


as he goes about his work. (See Appendix A) The "process' 


ain seid! .bevotdos sd yea dobjsoubs sonatse Jo savaseatdo siz do bey 
bis 2Lubs ,bifds gniisist slsnolisy a 36 akees edd gninreon0s awsiv 

no ageusol eee ye, jeri? sna vi taverg satiqrosne sthtaaetoe ad 

¢ >a 

eid noqu Beasd ad sonstoa to gnifosss saa Jana oe ee Bhs cnoae 
-finasd mk nolnasi207g 6 Hatw - sanstoe Io anebt gatytiag 0 exqaon09 
A .etdsoges berssitaldqoe bax xelqmoo stom sit 03 on sito wo? ant 
nexbfkdo of sisb obitanstoes to notseimensats sd 02 ‘monage otauindiiaign 
agisluskitib sit wav insinog od 216qqua onw enods yd betesovhe OF 
auobromexd oft saiw beto9nnes ,satued to ,or8 dosotgqa ains ak tue vedat 
_-ntejis Inutaessove of? so? bevivpos ed Jeum nobdw nokigametak 36 Saueem 
; | re 
-mntgo%q s dove to esvigostdo ea3 io Jase 

zeviovalt sorsice to gntdoeo3 sit of dshoxgqe breoss aiT | 

to axsdoast tard ‘Jasagua wely ald lo airenogorg pad ‘ ‘yabvisaens! 
'gxeviog meldorq' svizsero od of mozbitdo gatakes * biueda saneioe 


a ie yw =H 
eit suatuq ot begsi1uosas need syed odw dezhi tio. +603 avo oved aeaieee 


S -— 


trigus? 916 oe , stwovsebas otttaietae ahedd nt Hasozgan onivionmanldong 


-agoup [aottizo otsivarsol o% ,eabsow myo Sfend gk motdoxq Pers Perey o 


7 ‘gl ) T 

embe atd? biswot yonshass ‘& awode oved 2osbht Won etstemsg oo bas. eaors 
ie Saris. : ~~ eae 

bas bletitozwx3) amsidorg wen viattans ge i rotvarisd 


sonabive on ef sted e308 asa 


os ok tvidees> 30) oea3 


ee = Fd ee 
i081 a chil eta rk Pa 9 ae 


fe = 
re a 4 














42 


approach favors the idea of having children learn generalizable process 
skills which can then be applied in and across many subject areas. An 
associated notion is that 'creativity' can be developed and encouraged 
within the context of this process approach. 

According to Gagné the basic premises of the 'process' approach 
are as follows: 

1. The scientists' behaviors constitute a highly complex set 
of intellectual activities which can be broken into simpler activities. 

2. These intellectual activities or processes can be learned, 
beginning with the simplest and progressing through the more complex 
activities. 

3. These intellectual activities or processes are generaliz- 
able across scientific disciplines. 

4. A sequence of instruction for acquiring the process skills 
can be constructed. 

5. Such instruction will not necessarily give the student a 
strong background in any one content area but will give a general 
understanding of science with an ability to grasp and study scientific 
phenomena in general (AAAS Commission on Science Education, 1965, p. 4). 

The key idea underlying the process approach is that of the 
progressive building of complex intellectual processes from simpler 
processes. 

Modern psychological studies of learning and of the transfer of 
training show that high degrees of transfer or generalizability are not 


produced by practice within the confines of a narrowly defined task. 
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Studies in conceptual development in children also indicate that the 
growth of scientific concepts and logical thinking involves more than 
just practice of procedures. 

In order to maximize the learning of processes Gagné says two 
main and necessary conditions must be met: 

1. Practice of performance relevant to each newly acquired 
knowledge should involve the use of a wide variety of materials in 
many different situations. 

2. Overt activities required of the student should be 
produced from the individual's own internal processes, rather than 
being tied to specific stimuli provided by the teacher (AAAS 
Commission on Science Education, 1965, p. 12). 

It can be concluded from these statements that Gagne feels that 
there are basic types of broad "knowledges" that underlie the practice 
and understanding of science. Such knowledge or processes are 
generalizable with respect to all areas of science. One such basic 
process is 'inference', the process which will be dealt with in this 
study. 

Recently, great emphasis has been placed upon the inquiry and 
process approach towards the teaching of science in North America in 
general and in Alberta in particular. The Elementary School Curriculum 
Guide (1969) states: 

The new elementary school science program has two fundamental 
but inseparable objectives. By emphasizing the development and 
use of inquiry skills as tools of investigation, the program is 
designed to enable the student to become an active and dynamic 


investigator of science. To have the student develop basic 
science concepts is a second aim (p. 5). 


td 


of3 sudo oteotbai oals norbitds pk daemqotsveb Iauaqsano2 ab eetbug® 745 
coda szom asviovnt gaiseista Leobgel baa atgvonos ott bInghoa, to daorg _ h 
.aetubeooTg i , 1 to soitoazq Javt be 1 7 

- ; 


owt ayer SageD eaeess01q to gutoabat oft ssimicam 08, aebio Al ce 








= ;4om od saber anokikbrns RARER ERR, me 
bextupos yviwon doso of inévelom asnamnotieq to sahiseee, ma pai 
ot ealetrotam to ytolxzsy iitute lo seu oda aviovak blwora sgbsiwonsl 

| Lenotiguale saevelitbh yaam 7 

od binota tasbute oda le bstivpay eeltiviaas guavo a | 

asi? sedas1 ,sseescoxq Jomisint nwo e' faub ty tba ard mori, basuboxg 
2AAA) szandosst ald yd babtyorg tiumise ofitosge 03 bet? gatsd 
SE .q ,200! ,sokts9uba sodeta® no nolsatmnod 

jst elost sngnd jsd3 asoonstate sasdt moxt: babu fondaueld asa 31 : 


entdoarg sit siivebnu tad’ “asgbelwont” bsotd Io esqyd okead ete saedz 


1s 2eses9nd0tq 16 agbslwordt foa® .eonstoe io guthrejesebar bas 
otead dove sn0 .s9n9ton to esste Die of iaoqaey diiw sidesifetsmsg oo 

atdd ct datw tiseb od [ftw dobdw eesoonq ode .‘sonexstat' ab sagsosg 
ee 


bas yrtupat oft aoqu beoslq nved eed wtesdqme heantseiauinataie eee 7 
ak sobtsmA daz0M ok ssh te ene ods 





14 


Revolutionary changes in education often create vacuums. 

Sudden change in direction or approach in a program may lead to uneven 
development of individual elements of such a program, leading possibly 
to the development of gaps and discontinuities in the program as a 
whole. The shift in emphasis in science teaching is a case in point. 
Although rapid progress is being made in the development of techniques 
for teaching process, a void has developed in evaluation procedures 
(Munson, 1967). Teachers must re-examine their measurement procedures 
and evaluation techniques in the light of the new curricular goals 


if they wish to be able to evaluate the effectiveness of instructional 


procedures in their progression towards the stated goal which is the 
development in students of the ability to critically analyse problems 


and produce ideas which contribute towards their solution (Smith, 1969). 
The gravity of the problem facing us stems from the fact that 
very little research dealing with skill development at any level of 
education has been accomplished to date. If the process approach is 
considered important and if students are receiving training in these 
processes, it seems obvious that information regarding the effective- 
ness of various instructional procedures and the acquisition of process 
skills is desirable (Hungerford, 1969). This information, however, is 
not easy to obtain as Lisonbee (1966) has pointed out: 
With the emphasis in the newer science programs on the 
processes as well as the product of science, measurement 
of achievement is indeed a problem (p. 28). 
Evaluation of process becomes much more difficult because of 


the problems involved in defining objectives in terms of student behav- 


ior (Tannenbaum, 1964). Clarification of a number of areas related to 
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"processes' are necessary as Burns and Brooks (1970) emphasize: 
We need to know a great deal more about which processes 
are important in learning, exactly what each process is, 


examples of processes in action, behaviors associated with 
each process, curricular activities associated with process 


learning, age-grade levels at which processes can be 


developed,” transfer values of processes, and the relative 
‘permanency of processes after they are learned (p. 28). 


The development of measuring instruments capable of yielding 
data which would reveal whether or not students have indeed gained 
greater facility in the scientific process skills poses a major prob- 
lem. This is exemplified by the fact that many of the "new process 
approach" elementary science programs have neglected to develop any 
evaluation instruments. Therefore, the construction of valid, of 
reliable, and of practical procedures that can be used routinely by the 
teacher for assessing student progress is of paramount importance. 

There have been some attempts at developing tests for assess- 
ing student understanding of the science processes and their applica- 
tion. Two of these were developed by Butts and Jones (TAB Science 
Test, 1966) and Nelson and Mason (A Test of Scientific Comprehension, 
1963). These tests do assess children's knowledge of science process 
to some extent but the tests are limited to upper elementary use and 
are, therefore, of limited value in looking at progress or ability on 
a grade one to six basis. 

Dietz and George (The Problem Solving Skills Test, 1970) have 


developed a reliable and valid group test that evaluates some of the 


* 
Underlining by this writer. 
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science problem-solving skills of children in grades one, two and 
three. Jean Beard (Basic Science Process Tests, 1970) has developed 

a group achievement test for two of the basic processes of "AAAS 
Science - A Process Approach". The tests were for use at the primary 
level and they tested the ability to measure and classify. The test 
was validated by a critical jury and reliabilities were then estimated 
by correlating the test and re-test results. 

The important area of pre-testing is often ignored by the class- 
room teacher. If the acquisition of science processes is hierarchical 
in nature (Gagné, 1962), then pre-assessment is as important as post 
assessment, although the majority of teachers do not include pre- 
teaching evaluation in their unit plans. The kind of evaluation 
employed by teachers usually has a verbal bias, and is often confined 
to the recall of specific information (Perkes, 1969; Stauss, 1970). 

It appears obvious, therefore, that a great need exists for 
methods cf assessing process abilities. The important question that 
must be asked is what form should such an assessment take. Munson 
(1967) states: 

Obviously, it is impossible to evaluate objectively all 

phases ot learning in the modern science program. It is 
impossible to quantify all evidence of progress. A teacher's 
first step is to admit that much evaluation of skill develop- 
ment must be subjective (p. 29). 

Although there is some truth in this it would appear that 
little real progress can be anticipated if subjective evaluation 


methods are employed exclusively although many such techniques have 


been suggested (Dunfee, 1957). 
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Practical tests which measure abilities directly must be devel- 
oped to replace those tests which involve factual recall only. The 
latter tests often incidentally involve reading speed and comprehen- 
sion, a factor which tends to distort the true significance of the 


results obtained. 
INFERENCE PROCESS 


Piaget has been particularly concerned with the establishment 
of the precise relationship between the classifications made by chil- 
dren and the kinds of inferences that they make on the basis of these 
classifications (Inhelder and Piaget, 1964, p. 11). Thus, a more 
thorough discussion of research on classification and its relation to 
inference and problem-solving is warranted. 

A major part of the ability to infer depends upon the ability 
to render classification unambiguous in nature which, in turn, depends 
upon an ability to recognize and define criteria upon which classifi- 
cations may be based. That is, reasoning (inference) and the ability 
to abstract criteria for classification are directly related 
(Inhelder and Piaget, 1964). 

According to Piaget there are two levels of inference: one 
relating to logical reasoning as it pertains to classification and 
seriation, the other relating to hypothetico-deductive reasoning 
(Inhelder and Piaget, 1964, p. 20). Piaget maintains that logical 
reasoning develops before hypothetico-deductive reasoning, a definite 
distinction being made between the two levels of inference. Children of 
four or five rarely justify their predictions and at six years of age 


the child appears to use experience and sense of purpose in a rather 
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unsystematic approach towards reasoning related to their predictions. 
By the age of seven or eight contradictions begin to be eliminated and 
children are able to reason or infer by referring to some poorly estab- 
lished concepts. At the age of nine and ten, children are quite able 

to refer directly and unambiguously to the reasons for the occurrence 
of certain situations, events or phenomena. Although these children 
are able to predict with a certain amount of accuracy it is not until 
they are about thirteen that they can determine why things behave as 
they do. 

The significance of classification with respect to inference is 
indicated by Piaget's important work with seven to nine year old chil- 
dren (Inhelder and Piaget, 1964, p. 21). The children studied in this 
age range were able to group objects on the basis of relative size and 
weight. They were then able to draw inferences with respect to density, 
on the basis of such classificatory criteria. 

Piaget describes three stages of development which a person 
goes through in developing classification abilities. Stage I in this 
development occurs trom about two years to five years of age and is 
known as the "Stage of Graphic Collections". At this stage children 
do not arrange objects in collections and sub-collections on the basis 
of similarity alone as they are unable simultaneously to overlook the 
spatial arrangement of the objects, similarity and spatial arrangement 
being united in "graphic collections". No progression in development 
appears to be detectable within the stage of graphic collections 


although this stage invariably precedes Stage II, that of 'Non-Graphic 
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Collections". 

This "Stage of Non-Graphic Collections" involves children of 
the six to eight year age range and involves a developmental stage 
which permits the children to assign objects to a collection (classify) 
on the basis of similarity alone. The major difference between chil- 
dren in this stage and Stage IIL, the "Stage of True Logical Classifi- 
cation" is the advent of class inclusion a feature absent from Stage 
II. Stage II children do not understand the "all" and "some" condi- 
tions of class inclusion and they often judge a part to be greater 
than the whole. 

Stage III, which develops around the child's eighth year 
incorporates true classification ability and involves the use of all 
ten of the classification criteria listed by Inhelder and Piaget (1964, 
p- 48). Individuals have often reached Piaget's stage of formal opera- 
tions before they completely understand true classification, an under- 
standing of class inclusion coming with conservation of the whole and 
quantitative comparison of the whole with the part. Class inclusion 
is in fact operational in nature and is the basis of any classifica- 
tion which orders classes instead of only differentiating between them. 

Piaget's analysis of the developmental stages in classification 
behavior and the associated mechanisms involving perception and sensori- 
motor behavior can be summarized as follows: 

1. There is a very close relationship between the development 
of logical operations and sub-logical operations. 


2. The reason for the appearance of a stage of graphic 
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collections is due to the situation that young children have difficulty 
in coordinating intension (the properties common to members of a given 
class) and extension (the ability to define the members of a given 
class). 

3. The central problem in the development of classificatory 
behavior is the coordination of extension and intension. 

4, The transition between Stages I and II is controlled by 
the development of hindsight and anticipation. The further develop- 
ment of these abilities lead to the reversible operational structures 
of Stage III at which point one is able to understand the relation of 
inclusion. 

5. Logical operations (classification and seriation for 
example) are closely linked with certain elementary actions such as 
separating piles into lots. Piaget states with regard to logical 
operations: 

The development is astonishingly continuous; after the 

actions we have various adjustments to these actions and 
these in turn become increasingly complex so that in time 
the entire process is interiorized and generalized 
(Inhelder and Piaget, 1964, p. 291). 

The process of inference (as it related to logical reasoning) 
develops on a parallel basis with that of classificatory behavior. An 
understanding of the stages involved in the development of classifi- 


catory behavior thus enables us to understand the development of 


inferential behavior in children as well.* 


k 
For a more comprehensive discussion of Piaget's work with 
classificatory behavior see Blackford, 1970. 
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F. C. Bartlett has stated that: 

Whenever anybody interprets evidence from any source, and 
his interpretation contains characteristics that cannot be 
referred wholly to direct sensory observation or perception, 
this person thinks (in Bruner, 1957, p. 41). 

Bruner accepts this statement as he discusses ways in which 
one goes beyond information that is given. The simplest form of 
utilizing inference is expressed in learning the defining properties 
of a class of equivalent objects and then using these properties as 
a basis for deciding whether a new object encountered is or is not a 
member of the original class. 

A second form of going beyond the information given is in the 
learning of the probabilities of certain situations arising in the 
environment and then progressing to a prediction of likely concomitants. 

Another form of inference is exemplified by the transitive 
property: A>B, BSC, A>C. A person codes information in this way 
according to certain coding systems. Similarly formal codes and proba- 
bility codes are often combined in making inferences which go beyond 
the original data given (Bruner, 1957). 

Bruner defines a coding system as a "'set of contingently 
related, nonspecific categories", that is, the manner in which a person 
groups and relates information about his world (Bruner, 1957, p. 46). 
When one goes beyond given information one does so by classifying the 
given according to a more "generic" coding system and then "reading 
off" from the coding system additional information on the basis of 


learned contingent probabilities or learned principles of related 


material. 
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Four important conditions must be considered in maximizing 
the transferability of learning to new situations by coding something 
in a generic manner. The first of these, learning set, has a major 
bearing on the ability of one to code newly learned knowledge. As 
Bruner, Goodnow, and Austin (1955) found in an extensive number of 
experiments, the search for a generic code leads to certain learning 
sets that are absent when the task is seen as purely one of memory. 
Instructions act as a set producer that brings forth different forms 
of coding which are appropriate to the situation. 

Studies of need state and the acquisition of coding systems by 
researchers such as Klein, Wertheimer, Tolman, Harlow, and Postman and 
Bruner (in Bruner, 1957) have generally shown that a high need state 
causes an organism to deal with the here and now with little regard 
for the significance of what is being learned. 

The third set of conditions which need consideration is the 
degree of mastery from which a more generic coding system may be 
derived. Mastery of the specifics must be sufficient to allow for the 
discovery of lower-order regularities which can then be re-combined 
into higher order coding systems. 

Diversity of training is important in that exposure of an 
individual to change seems to stimulate genericizing (Bruner, 1957). 
The impact of diversity of training together with the conditions out-— 
lined above needs to be examined in much greater depth in the context 


of classification, coding and the ability to infer. 


Ss 











attsimixem nt betsbianos sd seum enots 
gnid¢smos onibos yd evolteytte wen of smimanel. 16 Oo” 
~1Ote@ 5 asi .jse gnioresi conarla 20 saxk, oat fr 

sA .sgbelwond! bsarsel etude sboo .oF smo to . 

to 1edmm svisaotxs ts mt bavot (a2eL) nian § 1 «WO! 
ea 


gnimxssl notaries of wbpot sboa otrenag 6 td? Horese oft 


ist 6 ele ; 7 
wxomem to sno cans as ngewe ens aa nedw 3ngeds are I 
V Abst | » gas er : 


amro? Ineistitb 13702 a sas seouboxg a a 396 
-notisu3te sit 03 ail ‘1 dottw 


; Ton) ‘1% I 
yd ameteye gntboo to aolstielupos ond bas o1838 sean Yo estbus2 


a 8 





bra memteot bos ,wolash ‘ettambot remtads70W akon: 8B oun eredoxsene7 : 
€.? -@ | Loe Gee 

eisje basen dgid s a nwoe yilsxeneg oved (Se Lapsed Tenuta ; 

a 


bcb~4 0¢6@ 94 


brags 9{331i nitw wor bas sxe ody datw Issb aimee te antes - 


-bomissl gnied eb tay lchenaiag* eit 103 


7 
Wore 6 : 
edd at notznrabkano boon dokdw enok3tbnos to ahaa 


es 


a 
sd yao detaye gotboo aternes on 8 Aoi mean oma i 
sit stot wolls o2 tnotottive ad Jeu ‘aobtkoage: oid 46.40 












5 hee 


_ 


bentdmos-sx ed medz ms) dotdw vot tealugoy 1: ei “ety 
: 


ms to srve0eqxs Jed hes 3 ries 


by a gntsts ot 


213 


Inference and the Perception- 
Conception Relationship 


The interrelation between perception and thinking has been 
conceptualized in various ways and no single, acceptable characteriza- 
tion of this relationship is extant. 

Three widely differing views on the relationship between 
perception and conception will be discussed, the first of these being 
the Gestalt position. Basically, the Gestaltists take a mode of 
perception and attempt to fit it into the area of thinking. As 
Koffka states: 

- . . the ideational field depends upon the sensory, and 

any means that enable us to become independent of immediate 
perception are rooted in perception, and, in truth only lead 
us from one perception to another (in Kessen, 1962, p. 88). 

The Gestaltists do not consider concept formation or symbolic 
processes when discussing restructuring of the field. Also, they do 
not show any concern for developmental changes in the behavior of 
children. 

Bruner's position, which is in opposition to that of the 
Gestaltists, is that perception is basically an inferential process 
in which the perceiver plays a major role in interpreting, cate- 
gorising or transforming the stimulus input. He suggests that a 
theory of perception needs a mechanism capable of inference and cate- 
gorizing as much as does a theory of cognition. Perceptual learning 
requires a system of categories to which stimulus input can be 


matched. For example, in a study by Potter, pictures of objects 


were presented, out of focus, to subjects. As each picture was 
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gradually brought into focus the subjects were asked to guess what 
object was pictured. The results showed that perception consisted of 
a process of cue searching, inference and matching (in Bruner, et al., 
1966). 

One of the problems with Bruner's model of perception is how- 
ever that he, too, has neglected to consider the developmental aspects 
of perception and thinking. 

The third position to be considered is due to Brunswik who 
emphasized the difference between perception and thinking. In dis- 
cussing this difference Brunswik (1956) comments: 

The entire pattern of reasoning solutions . . . being well 
organized and of machinelike precision. On the other hand... 
perception must simultaneously integrate many different avenue 
of approach, or cues (p. 91). 

Brunswik goes on to suggest that cognitive mechanisms intervene 
as an individual develops and thus lessen the need for precise 
perceptual achievements. 

Piaget's view is that developmental changes occur in intellect- 
ual, but not in perceptual development. This view is exemplified by a 
study in which two parallel lines forming the top and bottom of a 
parallelogram were judged as being less equal in length more often by 
eight year olds than by five year olds.’ When the same two lines were 
presented in the context of a cognitive task it was the five year olds 
who showed more frequent errors in their judgments. This study served 
as evidence in favor of Piaget's separation of perception and concep- 
tion (or inference) (Piaget, 1956). 


Piaget argues that there are "pre-inferences" in perception 
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which are partially isomorphic with the inferential mechanisms of 
logical reasoning. All judgment is thought to involve a decision 
process whereby an inference is made which is itself based on the 
sensory information given. The extent of this inference process 


depends upon the complexity of the judgment (Piaget, 1958). 


Despite Piaget's own suggested link between perception and 
inference, he generally sees the two as sharply differentiated proc- 
esses. Piaget also considers the development of perception and think- 
ing as following unrelated courses. The most probable reason for this 
point of view has been attributed to the fact that development of 
perception provides none of the meaningful structural criteria needed 
for distinguishing among different stages (Wohlwill, 1962). The 


opposite is the case, of course, for conceptual development. 


A rather useful way of looking at perception and conception is 
that established by Wohlwill who relates the two areas along the 
following dimensions: 

1. Redundancy: As one proceeds from perception to conception, 
the amount of redundant information required decreases. 

2. Selectivity: As one proceeds from perception to concep- 
tion, the amount of irrelevant information that can be tolerated with- 
out affecting the response increases. 

3. Contiguity: As one proceeds from perception to conception, 
the spatial and temporal separation over which the total information 
contained in the stimulus field can be integrated increases (in Kessen, 
1962-4 cpp? £1.02) 


These three dimensions produce responses of varying specificity 
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which range from perceptual judgment, where accuracy is only relative, 
to conceptual processes of absolute precision and accuracy. A 
developmental progression would appear to result as an individual 
moves from perception to conception along each of the three dimensions 
(Wohlwill, 1962). 

Bartlett (1932) discusses a schema or classification of past 


experiences. Perception is mediated by this schema. 


Vernon elaborated on Bartlett's schema with respect to percep- 
tion. She says that schemata operating in perception tell the observer 
what sensory data to select from the total input, as well as how to 
deal with these data. Of perception in infancy and early childhood 


she states the following: 


. . . in the first place, it is vague and diffuse, lacking 
in accurate observation of detail and selection of what to us 
seem to be the significant aspects of the situation; and 


second, the child is relatively unable to make inferences from 
his tmmediate sensory perceptions of the nature of objects and 


of the environment because he lacks the knowledge to guide him 
(Vernon, 1966, p. 393). 


Kendler and Kendler (1956, 1958, 1961) studied inferential 
behavior in preschool children. Their results showed that children of 
3-4 years of age demonstrated inferential behavior on the basis of past 
training. In their 1958 study they found that inferential behavior is 
influenced by independent variations of reinforcement and by motiva- 
tional variables. Furthermore, inferential behavior among preschool 
children is not influenced by the order of presentation of two 
discretely acquired behavior segments that were used in attaining a 
particular goal (Kendler and Kendler, 1961). 


A thorough analysis of children's cause and effect responses to 
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simple experiments in physical science was made by Deutsche (1937) who 
found that boys and girls gradually progress in their ability to see 
causal relationships with advancing age and that many very young chil- 
dren also show surprising ability to see such relationships. 

A study by Oakes (1947) revealed that there is no definite 
state in a child's thinking which is characteristic of a given age. 

He reported that, for a given age, types of answers to questions were 
influenced more by the nature of the problem, the wording of a question 
and the child's experimental background and vocabulary, than by any 
mental structure. Piaget's comments on these findings might prove to 
be very enlightening. 

Butts (1966) determined that meaningful concept development 
will result once a child is given the proper environment to perceive 
and is then given free opportunity to experience certain perceptions 
and to merge these perceptions into concepts. This study also 
indicated that manipulation of data alone is insufficient for concept 
development. 

In a study conducted by Scott (1966) it was discovered that the 
relationship of the strategy of inquiry to children's styles of cate- 
gorization has a significant effect on the flexibility of their cate- 
gorization behavior. Generally, students in grades 4, 5 and 6 taught 
by an inquiry approach, were able to classify or infer on the basis of 
manifest details and inferred attributes whereas students taught in a 
more traditional way could not infer to the same extent. 

Taba (1966) in a manner somewhat similar to Gagne, describes 


five theoretical postulates about thinking: 
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1. Thinking can be taught if the specific processes and 
skills composing it are identified. 

2. Thinking is an active transaction between the individual 
and the data in the program. 

3. Processes of thought evolve by lawful sequence. 

4. Growth in cognitive performance involves assimilation 
and accommodation. 

5. Thought can be studied both as a psychological 
phenomenon and a logical system. 

The above postulates were incorporated by Taba (1966) into a 
structure of three cognitive tasks. The second of these cognitive 
tasks was that of "inferring and generalizing" which includes detect- 
ing causal relations and making inferences. This task is preceded in 
the hierarchy by the task of "concept formation" and is followed by 
the task of “application ot principles". 

It seems readily apparent that the research into the general 
area of cognition and into the area of inference in particular pro- 
vides no real consensus as to how one goes about going beyond the 
information given. The mean ideas and theories with respect to 
inference surely indicate the tenuous nature of knowledge concerning 


this important aspect of cognition. 
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CHAPTER 3 
DESIGN OF THE STUDY 
THE SAMPLE 


The population from which the sample was selected consisted of 
all of the elementary students from six schools, two from each of the 
Edmonton Public, Edmonton Separate and County of Strathcona Number 20 
School Systems. These schools were selected by administrators from 
each of the systems so as to provide a sample of students from a broad 
socio-economic and cultural background. A sample of one hundred and 
eight students, stratified on the basis of sex, was selected from these 
schools so that only eighteen students were drawn from each school. 
Two exceptions occurred in this general scheme: one school did not 
have any grade six students, so only fifteen students participated in 
the study from that school. Therefore, in order to balance the number 
of grade six students, a total of twenty-one students were selected 
from another school. Normally three students were selected from each 
grade in each school but in the case of the two exceptions noted, no 
grade six students were selected from one school and six grade six 
students were selected from another. The number of students to be 
selected from each grade was determined beforehand so that there would 
be a total from all schools of eighteen students from each grade when 
the testing was completed. 

Each of the students was tested on the visual inference task 


but only sixty-four of the one hundred and eight students were tested 
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on the auditory-haptic inference task. The latter test group was made 
up of the following numbers: 12 students from grade two, 12 from grade 
three, 14 from grade four, 14 from grade five, and 12 from grade six. 

The students were randomly selected from class lists of the 
appropriate grades. The amount of teacher or school bias in the study 
was minimized by the randomizing procedure. Table 1 summarizes the 


distribution of students in the sample. 


INSTRUMENTATION 


Inference Task 

Theoretical Background. In order to achieve the objectives of 
this investigation, two individualized inference activities were 
designed which consisted of a visual inference task and an auditory- 
haptic inference task. These activities, while meeting the definition 
of inference described in Chapter 1, also had to meet other criteria 
such as those indicated in Kendler's (1958) description of inference 
as "part of that area variously called cognitive process, thinking or 
problem solving". She makes the following statement with respect to 
inference: 

Inference is defined as the spontaneous integration of 
discretely acquired habits to solve a problem. These processes 
have been reduced to some very simple operations in order to 
study them at their inception in young children. The operations 
are so simple that there may be some disagreement about their 
continuity with the high level process that they presume to 
study. The prepared reply to such potential objection is that 
there is no known way of reliably determining, on an a priori 
basis, the proper level of analysis for scientific research. 


It is only by its fruits that we shall know it (Kendler, 1963, 
Be OD) 
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DISTRIBUTION OF STUDENTS IN SAMPLE 


Systen Edmonton Edmonton Strathcona 
Public Separate County 
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The discretely acquired habits that Kendler (1963) mentions 
would compare with Bruner's 'categories'. These, then, would relate 
to the hierarchical development of intellectual processes around which 
Gagné (1965) builds his process approach. The two tasks used in this 
study required the children to rely on previous experience and upon 
their ability to make inferences, based on this previous experience, 
from observations the accuracy and effectiveness of which is also 
presumably based upon previous experience. The visual inference task 
was an activity that the children would not likely have experienced 
before in toto although all of the materials would have been familiar 
to most children. The auditory-haptic task involved objects which most 
of the children would have seen and/or heard previously. By structuring 
the tasks in this way it was hoped that the mobilization of true infer- 
ence ability would be required on the part of each child for the 


completion of the set tasks. 


Materials 

1. Visual Inference Task. The stimulus device used for the 
visual inference task consisted of an "inference machine"! (see Plate 
I, p. 33). This machine was constructed of balsa wood and glass. A 
balsa wood frame measuring 8" x 8" x 2" was constructed and a glass 
bottom, slanted at about 10° from the horizontal was set inside this 
frame. Small pieces of balsa wood measuring }3" x 235" were used to 
create 10 slots running down the slope of the machine. An open area 
over which a balsa wood lid could be fitted was left in the center of 


the machine. Ten steel balls, 7/16" in diameter, completed the main 
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part of the apparatus, the intention being that one ball could be 
rolled down each of the slots. 

Two kinds of objects could be placed in the central area of 
the machine: 1) blocks of various sizes could be used to stop the 
passage of a ball from the upper to the lower end of the slot and 2) 
slopes could be used to divert a ball from the slots in which they were 
initially placed. Slopes were also of varying sizes and angles, such 
variations determining into which of the lower slots a ball was 
diverted. An opaque lid covered up the area where the block and/or 
slopes were placed so that the children could not see the nature or 
distribution of the blocks and/or slopes directly, but could only 
infer their position and nature from the distribution of the balls in 
the lower slots. 

2. Auditory-Haptic Task. The stimulus materials used for the 
auditory-haptic task consisted of seven externally identical, sealed 
aluminum boxes measuring 8" x 8" x 8". Six boxes contained an object 
that would be reasonably familiar to the child with respect to its phys- 
ical properties. The objects varied in size, composition, weight and 
shape. The seventh box was sealed but did not contain anything. (See 
Plate II, p. 35). The boxes and their respective objects were: 

Box #1 - empty 

Box #2 - rubber ball, 2'' in diameter 

Box #3 - heavy cardboard rectangular prism, 6" x 4" x 1" 

Box #4 - light metal cylinder, 6' x 1/2" 

Box #5 - roll of tape, 6" x 1/2" 


Box #6 - plastic rectangular pyramid, 2" base x a high 
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Box #7 - balloon filled with mercury, approximately 3" across. 


Procedures 

1. Visual Inference Task. Each student was individually 
interviewed by the investigator, using a standard procedure, no set 
order for interviewing the students in each school being employed. 

Each interview followed a common pattern. The children were 
all acquainted with the investigator as the I.Q. test had been admin- 
istered on a previous occasion. The student's name, school, age and 
grade were indicated on the data sheet and the student was then shown 
the inference machine, A steel ball was dropped into each slot so 
that he could see how the machine worked, the opaque cover of the 
central area being open at this stage although blocks and slopes were 
not in place. The inference machine was then placed on an overhead 
projector, the image of the machine being projected on to the wall. 
Once again the balls were placed in the slots so the children could 
view the enlarged image of the balls rolling through the slots. The 
child was then made aware of the blocks and slopes although the blocks 
and slopes were not shown directly to the child but were placed one at 
a time in the machine in such a way that the children could not see 
them or their image on the wall. The lid was closed and the balls were 
placed in the slots in order that the child might see how a block or 
slope affected the movement of the balls. For a complete description 
of the instructional phase of this task see Appendix B. 

The child was then shown the data sheet and told in general 


terms the nature of the kind of responses which were required. Each 
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child was asked first to indicate with a B or an S those slots that 
had either a block or a slope in the central zone. Then he was asked 
to draw, in the appropriate place on the data sheet (see Appendix 

C). what he thought each block or slope looked like. Eight pat- 
terns of blocks and/or slopes were presented in the same sequence to 
each student. A ball was rolled in each of the ten slots for each 
experimental block/slope arrangement. After observing the motion of 
the balls and faced with their final distribution pattern, the stu- 
dents were given as much time as they indicated they needed to complete 
their response for each pattern. In general this time requirement 
ranged from about 15 seconds to 2 minutes. The described format of 
presentation was rigidly adhered to in order to keep this facet of 

the task consistent. 

2. Auditory-Haptic Task. Each of the sixty-four children who 
participated in this part of the investigation was again dealt with 
individually for the duration of the auditory-haptic task. A random 
order of interviewing was used, the interviews following a common 
procedure. Each child was greeted and then shown the seven identical 
aluminum boxes. He was told there were objects in six of the boxes 
and that he would be allowed to pick up each of these boxes and 
manipulate it as much as he wished in order to discover all he could 
about the object inside. Firstly though, each child was asked to pick 
up the empty box, which could be used for comparison with the other 
boxes. The child was then instructed to pick each of the other boxes 
in sequence and after manipulating each box, to tell the investigator 


all that he could about the object inside that box. 
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Responses for each object were recorded under eight categories 
(See Appendix E). After each student had responded spontaneously to 
the limit of his ability the investigator offered prompts relating to 
four of the eight categories: the way the object moved, weight, compo- 
sition and sound. The prompt consisted simply of a mention of the 
category name with a pause so that the child could respond appropri- 
ately if able to do so. The same four categories were used in prompt- 
ing each student for whom prompting was necessary. It was felt that 
the prompting would assist those students who were uncertain about the 
response that was required of them. Care was taken, however, to elicit 
as much information as possible from the students during the inter- 
view before prompting began. 
Scoring 

1. Visual Inference Task. The visual inference task was 
scored on the basis of the responses made by each student on each of 
the data sheets used. These student responses consisted firstly of 
indications of whether a block or a slope was responsible for each ball 
pattern and secondly upon a drawing of what the slope or block distri- 
bution looked like. The investigator allowed one point for each 
correctly identified block and/or slope and one point for each 
correctly drawn block and/or slope. A judgment had to be made by the 
investigator as to the correctness of each drawing. 

Total scores for each pattern varied from four points for the 
first pattern to twelve points for the eighth pattern (See Appendix D). 

Each individual interview carried out during the course of the 
visual inference investigation was tape recorded, the tape to be used 


for possible later analysis. 
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2. Auditory-Haptic Task. The scoring procedure used for the 
auditory-haptic task was a moditication of that used for the Illinois 
Test of Linguistic Skills. For each of the eight descriptive cate- 
gories used for each object one point was allowed for each non- 
redundant response. Non-redundant responses were indicated by a 
separate group of words beginning with a capital letter in the l- 
point column (see Appendix E). Responses in each word group which 
were separated by commas were redundant and credit was allowed for only 
one term in each group. A judgment was made by the investigator as to 
the suitability of responses given which did not appear on the data 
sheet. 

A tape recording was made of each interview in order to provide 
a supplement to the written record and also to provide data for further 
analysis of the students' responses and language patterns. 

Other ways of scoring were considered for each inference task 
but, as Kellough's study has shown that four widely different scoring 
procedures yielded highly correlated results, it was decided to regard 
the system outlined as being representative of the scoring ability of 
the students for this task. This rather arbitrarily chosen scoring 
system seemed to be as satisfactory as any for the purposes of this 
study (Kellough, 1971). 

1.Q. Scores. I.Q. Scores were obtained for all of the 
students involved in the study by administering a common intelligence 
test during the month of May, 1972. The primary grades were tested by 
means of the S.R.A. Primary Mental Abilities Test for grades two to 


four and the upper elementary grades were tested using the S.R.A. 
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Primary Mental Abilities Test for grades four to six. 


I.Q. testing was found to be necessary because each of the 
three school systems used different intelligence tests and administered 
them to different grades at different times of the year. This made any 
kind of comparison very difficult and of little meaning, as Blackford 
(1970) indicated in his study. 

The S.R.A. Primary Mental Abilities Tests for grades two to 
four and grades four to six were chosen for three reasons. First, 
none of the three school systems involved in the study had administered 
these tests to their students. Secondly, the general intelligence 
quotient in the S.R.A. test is subdivided into five factors of intel- 
ligence or "primary mental abilities", which include: verbal meaning, 
number facility, reasoning, spatial relations ability and perceptual 
speed ability, each being measured on a separate subtest. Finally, it 
was felt that each subscore might be important in indicating which 
factors of general intelligence are important with respect to inference 


ability. 


RELIABILITY 


The reliability of the visual inference task was determined by 
means of an analysis which was carried out by using the ANOV14 IBM 
360/67 computer program. This program permits the statistical analysis 
of a single factor experiment with repeated measures. 

Fifty-four students, or one-half of the sample, were involved 


in the repeated measures, the first, third, fifth and seventh items of 
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the visual inference task. These items were presented to each student 
immediately following completion of the total visual inference task 
and at the completion of the repeated measures several students were 
questioned as to whether they recognized the patterns which they 
repeated. All of them replied in the negative. Table II contains a 
summary of the reliability data. 

It should be noted that the mean score for the repeated meas- 
ures was .95 greater than that for the initial task. This increase may 
be attributed to the experience factor which each student acquired. 
This last assertion may be made with some degree of certainty because 
of the rather large value which was obtained for the reliability 
coefficient, 0.965. 

No attempt was made by the investigator to determine the 


reliability of the auditory-haptic inference task. 
VALIDITY 


Content Validity. The two inference tasks, visual and 
auditory-haptic, would appear to have face validity based on a sub- 
jective evaluation of what they measure. In new areas such as that of 
process evaluation there is very little else to rely upon in deter- 
mining content validity (Helmstadter, 1970). 

Construct Validity. No single numerical estimate of the degree 
of construct validity can be found. Therefore, a wide variety of 
approaches and evidences supporting claims about what a test measures 


must be used. 
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The construct validity of both the visual inference task and 
the auditory-haptic inference task was based on the following 
evidence: 

1. A high correlation coefficient was found between scores 
on the visual inference task and the auditory-haptic inference task. 

2. A study of the testing process indicated valid tasks were 
being administered. 

A measure of criterion-related validity was not attempted 
because of the apparent lack of such a criterion with which to compare 


either of the inference tasks. 


TABLE II 


RELIABILITY CORRELATIONS FOR REPEATED MEASURES 
ON THE VISUAL INFERENCE TASK 





Patterns Repeated Patterns 
1, 3,5, 7 ines, E507 
Me an 16.98 SEU ENS 


Adjusted Reliability (RK) = 0.965. 
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PILOT STUDY 


In order to maximize the efficiency of the main study a pilot 
study was carried out in February, 1972, with children from a school 
not involved in the main study. 

The pilot study for the visual inference task included seventy 
children, twelve children being chosen from grade one, three children 
from grade two, twenty-one children from grade three, three children 
from grade four and thirty-one children from grade six. 

The auditory-haptic pilot study included fifteen children. 
Three children were selected from each of the grades one, two, three, 
four and six. 

The pilot study was undertaken to determine: 

1. The approximate time needed for children to complete the 
inference activities. 

2. The type and amount of instruction needed in order to have 
the two inference tasks understood by children in each grade. 

3. The feasibility of presenting the designed inference tasks 
to grade one through six children of a broad range of abilities. 

4. The likelihood of finding significant differences in per- 
formance with respect to these tasks through the grades tested. 

5. Administrative problems that might arise during the testing. 

The results of the pilot study are shown in Tables IIIA and IIIB. 

On the basis of the results obtained from the pilot study it 
was decided that 


1. The approximate time needed for completion of the visual 
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TABLE IIIA 


MEAN SCORES BY GRADE ON VISUAL 
INFERENCE TASK 
(PILOT STUDY) 














Grade 1 Pa 3 4 5 6. 
Visual 
Inference Score 24.8 69.5 71.0 80.6 - 91.2 
TABLE IIIB 


MEAN SCORES BY GRADE ON AUDITORY- 
HAPTIC INFERENCE TASK 
(PILOT STUDY) 


Grade 1 2 3 4 5 6 
ee as ad i EA al anal aN ae Sl 
Auditory-Haptic 


Inference Score 17.5 20.4 2493 26.0 - 26.3 
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inference task was thirty minutes for each grade one student, 
decreasing to twenty-five minutes for each grade six student. The 
auditory-haptic inference task required approximately twenty minutes 
for each student from grades one through six. 

2. The initially formulated verbal instructions were found to 
be inadequate for the visual inference task. The investigator found 
it necessary to show the children how a 'block' and a 'slope' affected 
the balls. It was also found to be necessary to allow the children to 
familiarize themselves fairly completely with the inference machine 
prior to administration of the task. 

Verbal instructions were found to be adequate for the auditory- 
haptic inference task. 

3. Children from all of the grades, one through six, were able 
to attempt each of the tasks with little difficulty. However, one 
fewer box than originally intended was used for the auditory-haptic 
inference task due to weariness manifested by some of the younger 
children after manipulating several of the boxes in sequence. 

4. An obvious increase in inference score was evident through 
the grades one through six for both the visual inference task and the 
auditory-haptic inference task. 

5. It was found that the individual interview approach to each 
inference task was preferable to any form of group approach to the 
task. 

6. <A small private room with one wall suitable for projection 
purposes was found to be adequate for the pursuit of the investigations. 


In addition, a high stand for the overhead projector was found to be 
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desirable as this allowed the investigator to conceal the blocks and 
slopes from direct view. A long table was found to be of help in 
administering the auditory-haptic inference task. A table and chair 
or desk was needed for the student and an electrical outlet was 


necessary for the equipment used in each of the inference tasks. 


THE TESTING PROGRAM 


The main testing program was carried out between April 24 and 
June 2, 1972. The investigator travelled to each of the six schools 
and administered the two inference tasks individually to each student 
involved. Appointments were made with each school in such a way as to 
least disturb the regular school program. 

The times involved for the completion of the various phases 


of the total program are indicated in Appendix I, 


TYPES OF DATA ANALYSIS USED 


The variables of hypothesis #1, with the exception of the sex 
variable, were subjected to Pearson Product Moment Correlations in 
order to determine their relationship, if any, with both the visual 
inference scores and the auditory-haptic inference scores. The 
significance of existing relationships was measured by a test for 
probability carried out by means of the DEST@5 IBM 360/67 computer 
program. To determine the relationship of the sex variable to each 
of the inference scores a point biserial correlation was calculated. 


The 0.05 level of significance was used as a basis for acceptance or 
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rejection of each correlation. 

Hypotheses #2, #3, and #4 were subjected to a one-way analysis 
of variance. Hypothesis #2, which compared boys scores with girls 
scores, was analysed by means of a "t'' test computed by means of the 
ANOV1@ IBM 360/67 computer program. The decision regarding acceptance 
or rejection of this hypothesis was made at the 0.05 level of 
significance. 

Hypotheses #3 and #4 were analysed by means of the ANOV15 IBM 
360/67 computer program. This program carries out a Scheffé multiple 
comparison of means. The 0.10 level of significance was used as the 
criterion for acceptance or rejection of these hypotheses. This rather 
low level of significance was chosen because of the extremely rigorous 
nature of the Scheffé procedure, the 0.10 level having been suggested 
by Scheffé (Ferguson, 1971, p. 271). 

Hypotheses #5, #6, and #7 were subjected to a two-way analysis 
of variance in order to determine the significance of the interaction, 
if any, between grade and I.Q., grade and sex, and I.Q. and sex. 

This interaction was measured by means of a test for additivity 
carried out by implementation of the ANOV25 IBM 360/67 computer 
program. The 0.05 level of significance was used as a basis for 


acceptance or rejection of these three hypotheses. 
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CHAPTER 4 


RESULTS OF THE INVESTIGATION 


The results of the statistical analysis which yielded data on 
each of the hypotheses will be presented in this chapter together with 
analysis of variance tables, cell means matrices and probability 
matrices. The calculations for the statistical analysis were carried 
out by means of the IBM 360/67 analysis of variance and ‘Pearson 
Product Moment' computer programs. These programs have been documented 
and tested by members of the Division of Educational Research Services 


of the University of Alberta. 


STATISTICAL ANALYSIS OF THE HYPOTHESES 


Hypothesis #1 


A) There is no significant relationship between visual infer- 
ence task scores and auditory-haptic inference task scores. 

B) There is no significant relationship between each of these 
inference scores and: (a) grade, (b) age, (c) sex, (d) general intel- 
ligence, (e) verbal ability, (f) spatial relations ability, (g) number 
ability, (h) reasoning ability, and (i) perceptual speed ability [(d) 
through (i) being determined on the basis of the S.R.A. "Primary Mental 
Abilities=test’ |. 

The purpose of this hypothesis was to determine if any degree 
of relationship existed between the two inference scores and each of 
the variables indicated in the hypothesis. Such relationships, at: 


they exist, could be useful in predicting inference ability scores for 
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other children taken from the same population as the sample for this 
study. This hypothesis was analysed by means of the ‘Pearson Product 
Moment' correlation technique which was calculated by utilizing the 
DEST@5 IBM 360/67 computer program. The DEST@5 IBM 360/67 program was 
used for all variables except the sex variable which was analysed by 
means of the 'point biserial' correlation technique discussed in 
Ferguson® (1971, p. 2/1). 

Results: The correlations between the two inference scores and 
between each inference score and the variables specified in hypothesis 
#1 are presented in Table IV. A significance level of 0.05 was chosen 
for accepting or rejecting the hypothesis. Scores obtained from the 
visual inference task were found to correlate significantly with those 
from the auditory-haptic inference task. The variables age, grade, gen- 
eral intelligence, verbal ability, spatial relations ability, numerical 
ability, reasoning ability and perceptual speed ability were found to 
correlate significantly with the scores obtained on the visual inference 
task. The variables age, grade, general intelligence, verbal ability, 
spatial relations ability, and numerical ability were also found to 
correlate significantly with the auditory-haptic inference task scores. 
Therefore, hypothesis #1 was rejected for each of these relationships. 

The correlations between the visual inference task scores 
and the sex variable were not found to be significant. The corre- 
lations between the auditory-haptic inference task scores and the 
variables sex, reasoning ability and perceptual speed ability were 


not found to be significant. Therefore, hypothesis #1 was 


accepted for each of these relationships. This information is 
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summarized in Table IV. 


TABLE IV 


CORRELATIONS BETWEEN INFERENCE SCORES 
AND SPECIFIED VARIABLES 


===> eeEEaL——SaESESSSSSSSSS 











Visual Task Auditory—Haptic 
Variable N Inference Scores N Inference Task Scores 
sca 108 1.000 eee 
Inference 
Task 
Auditory-Haptic 67 ae 1.000 
Inference Task 
Sex 108 .053 64 -.004 
ie 108 ayn 64 ei 
Grade 108 533° 64 334e 
b d 
General 108 564 64 mys yayll 
Intelligence 
Verbal Ability 108 038 64 305 
Spatial b d 
Relations 108 . 369 64 ~242 
Ability 
b d 
Numerical Ability 108 see) 64 284 
Reasoning Ability 54° as? 40 . 180 
Perceptual Speed 108 2084 64 ~144 


Ability 


®Reasoning ability . measured for grades 4-6 only 


Dotenirre att at .001 level 


“Significant at .01 level 


Scieniricant at .05 level. 
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Conclusions: Hypothesis #1, dealing with correlations between 
the scores obtained for the two inference tasks and between each of 
these scores and the specified variables, was rejected with respect to 
the inference task scores. The hypothesis was also rejected with 
respect to these scores in their relationship with the variables age, 
general intelligence, spatial relations ability, and numerical ability 
for both series of inference tasks. It was rejected, also, with 
respect to the variables grade, verbal ability, reasoning ability, and 
perceptual speed ability for the visual inference task. Hypothesis #1 
was accepted with respect to the sex variable for both the visual 
inference task and the auditory-haptic inference task and was also 
accepted with respect to the variables grade, verbal ability, reasoning 


ability and perceptual speed ability for the auditory-haptic inference 


task. 


Hypothesis #2 


There is no significant difference between boys and girls in: 

(a) visual inference task score, 

(b) auditory-haptic inference task score, 
in each of the grades one through six. 

The purpose of hypothesis #2 was to determine whether boys or 
girls have greater inference abilities with respect either to the 
visual inference task or to the auditory-haptic inference task. Scores 
relating to this hypothesis were analysed by means of a two-tailed "t" 
test carried out by the ANOV1@ IBM 360/67 computer program. A list of 
the mean scores tor the boys and girls in each grade is given in Table 


V, and a complete summary of the "t'' values and probability levels 
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calculated in making the comparison between boys and girls is given 








in Table VI. 
TABLE V 
MEAN INFERENCE SCORES FOR BOYS 
AND GIRLS BY GRADE 
Grade 
One Two Three Four Five Six 
Variable Sex N Score N Score N Score N Score N Score Score 
Visual POV emu oye O20. 33) 9 3867 9 374/58 9 39.00 39.33 
aang Girtes9ulse67. 9528.44 9 31044 9 42:11 9 37.00 43.00 
Auditory- Boys Ge? eee SOOM) 11 603 00 5 27. 80 
Haptic 
THE SEER CE triacs Seo IGHbDSe17) 7a 2oreGI me 24.00 V 7826057 
Task 
TABLE VI 
COMPARISONS OF BOYS AND GIRLS INFERENCE 
SCORES WITHIN EACH GRADE 
S.Dev. S.Dev. Degrees of fk Prob. 
Variable Grade Boys Girls Freedom 
One Jere 7.14 16 222014 041° 
Wieuat Two US yest} 11.00 16 . 140 . 890 
riteaes Three 9.81 13.56 16 1295 2 LS 
sae ce Four 12725 3.98 16 =1,010 327 
Five 9.11 7.04 16 Byeit .609 
Six 12 oy LA: 2.50 16 -. 887 . 388 
One — -— -- -- -- 
Auditory- Two 5.68 Da h9 10 0D 958 
Haptic Three eee. SS 10 5 OY? - 498 
Inference Four 1.98 Qe? 2. -1.044 .316 
Five DD TKS DD ile -.708 -492 
Six 5.45 5.06 10 1.056 OLS 





“significant at .05 level 
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(a) Visual Inference Task Score: Significant differences in 
scores with respect to this variable were found to exist between boys 


and girls in grade one only. The "t" value of 2.214 was significant 


at the 0.05 level. Therefore, hypothesis #2 was accepted for grade 
two, three, four, five, and six on the visual inference task variable 
but was rejected for grade one. 

(b) Auditory-Haptic Inference Task Score: None of the "t" 


values calculated for each of the grades two to six on the auditory- 
haptic inference task scores yielded a probability which was signifi- 
cant at the 0.05 level or better. Therefore, hypothesis #2 was 
accepted for each of the grades two through six for the auditory- 
haptic inference task. 

Conclusion: Hypothesis #2 may be rejected for grade one for 


the visual inference task. The mean visual inference score for the 


boys exceeded that of the girls in grade one. Therefore, it may be 
concluded that a significant difference exists between sexes in 
visual inference ability in grade one. 


Hypothesis #3 


There is no significant difference between grade levels in: 

(a) visual inference task score, 

(b) auditory-haptic inference task score 
from grades one through six. 

The purpose of this hypothesis was to determine if any improve- 
ment in the inference abilities of students (as measured by this study) 


may be detected from grades one through six. The data relating to this 
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hypothesis were tested by the Scheffé multiple comparison of means as 
calculated by the use of the ANOV15 IBM 360/67 computer program. The 
0.10 level of significance was used as a basis for the acceptance or 
rejection of this hypothesis. Table VII gives the Scheffe’ probability 
matrices for the multiple comparison of each of the inference task 
score means for grades one through six. 

1) Visual Inference Task: In six of a possible fifteen cases, 
the mean visual inference score was significantly different between the 
pairs of grades compared. The grade one mean score was not signifi- 
cantly different from the grade two mean score but it was significantly 
lower than the mean scores for each of the grades three, four, five and 
six. The grade two mean score was significantly lower than the mean 
scores of grades four and six. The grade three and five mean scores 
were significantly better than only the grade one mean score while the 
grade four and six mean scores were significantly better than the grade 
one and two mean scores only. Table VII summarizes this information. 

2) Auditory-Haptic Inference Task: There was a progressive 
increase in the mean scores from grades two through six but the differ- 
ence in mean scores between any two grades was not significant for any 
pair. See Table VII for this information. 

Conclusion: Although significant differences were not found 
between each of the grades for the visual inference scores, enough 
significant differences existed to indicate a pattern of growth in 
inference ability with respect to the visual inference task. This 


growth pattern was most significant in grades one and two. See Table 


VII. Hypothesis #3, therefore, may be rejected with respect to visual 
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Variable Grade One Two Three Four Five Six 
Visual One 1.000 . 286 .004 .000 .000 .000 
ridge Two 286 1.000 688  .088° .252 .039 

Score Three .0047 .688 1.000 857 982 .697 

Four .000° .088  .857 1.000 .997 + .999 

Five .000° .252 982 .997 1.000 975 

Six .000° .039 .697 999 .975 1.000 

Auditory- One -- -- -- -- = —— 
Be ee Two mee 0008) 791 133. 907893 262 

Task Three eer 91en 1s 000sme .7 1m. eur. 9998 2884 

SEOTS Four oem Secs) ©1711 °««1.000«=««592Ss«i«w 997 

Five eo eee COO 509 N00 aaalo5 

Six 2 ey .884  .997 .795 1.000 


“indicates significance at the 0.10 level. 
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inference scores for all comparisons between pairs of grades except 
between combinations of pairs represented by grades three, four, five 
and six. 

Hypothesis #3 must be accepted with respect to the auditory- 
haptic inference scores as no significant differences were found 
between any grade pairs. 


Hypothesis #4 

There is no significant difference between low, average and 
high 1I.Q. students in: 

(a) visual inference task score, 

(b) auditory-haptic inference task score, 
in each of the grades one through six. 

The purpose of this hypothesis was to determine if significant 
differences in inference ability as measured by this study exist 
between I.Q. groups within each grade. The data bearing on this 
hypothesis were tested by means of a Scheffe’ multiple comparison of 
means which was calculated by use of the ANOV15 IBM 360/67 computer 
program. The 0.10 level of significance was used as the basis for 
accepting or rejecting this hypothesis. Table VIII provides the mean 
inference scores for each I.Q. group in each grade and a summary of 
the probability levels derived from the Scheffe’ multiple comparison 


of means is found in Table IX. 
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TABLE VIII 


MEAN INFERENCE SCORES FOR 
EACH I.Q. GROUP BY GRADE 





Grade 
ig Q. 
Variable Group One Two Three Four Five Six 
N Score N Score N Score N Score N Score N Score 
Visual High 4.75 seeS. 42: 339e9 <4:3't2 208 06 43955024, 844. 62 


42 TB 
Task Average 5 24.60 5 23.40 5 29.60 4 43.00 8 37.88 6 42.33 
Score Low 9F1 Gil $509 B42 5650 Hed 931.460) $4736200.4.4, 32.50 





Auditory— High” = =— G22 57005 0024.00 4/7 20.43. 9 24.40 15) 20,20 
Hapticay Average .— mee? 0m 4 2450683 27.008 7 2a0te 3 25507 
Task Low = =—m4elOoeo0lG 22.6714 29.006 2,235800) 4023525 
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l. Visual Inference Task Score: There were no significant 
differences found between the scores obtained by any pair of I1.Q. 
groups at the grade one level. At the grade two level there was a 
significant difference between the scores obtained by the average 
I.Q. group and the high I.Q. group. Significant differences in scores 
with respect to this variable were found to exist between the high 
I.Q. group and the low I.Q. group for grades two, three, four and six. 
No significant differences between the scores of any of the groups 
were found in grade five. See Table IX for a complete presentation 
of probability levels. 

2. Auditory-Haptic Inference Task Score: No significant 
differences in performance with respect to this variable were found 
to exist between any I.Q. groups for any of the grades two through 
six. See Table IX for this information. 

Conclusion: Significant differences found in the scores for 
the visual inference task between I.Q. groups in each of the grades 
one through six were apparent in five of the eighteen comparisons 
made. Four of these significant score differences occurred in com- 
parisons between low and high I.Q. groups. This was the most notable 


result to emerge. See Table IX. On the basis ot these results, 


hypothesis #3 was rejected only for the high-low I.Q. groupings for 


scores based upon the visual inference task. 


No significant differences in performance on the auditory- 
haptic inference task scores between I.Q. groups in each of the grades 


two through six, were evident in this study. Therefore, hypothesis #4 


was accepted on the basis of the scores obtained on the auditory-haptic 
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TABLE IX 


‘ 
SCHEFFE MULTIPLE COMPARISON OF MEANS 
OF I.Q. GROUPS BY GRADE 


=..ewawowwwosqs=suosumsmm—E—e—eeeeee 


Probability level by grade 
I.Q. Groups © _—— 
Variable Compared One Two Three Four Five Six 
Se ae eee ee ee ee ee ee eee eee eee eee ee eee 


b 
eeecae 4 High-Average .999 067) 104, .998 .937 .860, 
Geore High-Low -400 .029 041 056 7812 the064 


Average-Low . 360 .957 ~829 e131 ~935 174 


a a a a Saas 


Auditory- 
Haptic High-Average -- 664 999 928 a7 a0 . 808 
Inference High-Low -- . 150 . 860 er92 O27 - 409 
Score Average-Low -- 3/62 . 883 - 668 997 7O37 


rr 


“indicating significant differences between I.Q. groups in 
performance of inference tasks 


Paedcaten significance at the 0.10 level 
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inference task. See Table IX for this information. 


Hypothesis #5 

There is no significant interaction between grade level and 
I.Q. with respect to: 

(a) visual inference task score, 

(b) auditory-haptic inference task score. 

The purpose of this hypothesis was to determine if I.Q. had 
any differential effect on each of the inference scores in the differ- 
ent grades. The data relating to this hypothesis were analysed by 
means of a ‘test for additivity' calculated by utilization of the 
ANOV25 IBM 360/67 computer program. 

The fact that the increase in inference score for both the 
visual and the auditory-haptic inference tasks was quite sharp and 
uniform from grades one to four is of importance here. For both 
inference tasks, the inference scores obtained for grade five decreased 
to levels below those obtained for grade four, an increase in magnitude 
ot the scores being observable once again for grade six as shown in 
Figures 1 and 2. 

1. Visual Inference Task Score: The mean visual inference 
score for each I.Q. group in each grade is presented in Table VIII. 
The test for additivity on this interaction yielded an F value of .982 
which corresponds to a level of significance of .465. The criterion 
level of significance was taken to be 0.05. Thus, the interaction is 


not significant and hypothesis #5 could not be rejected with respect 


to this variable. Table X provides a summary of this information 
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FIGURE 1 


INTERACTION BETWEEN GRADE AND 1.Q. 
ON VISUAL INFERENCE SCORE CRITERION 
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TABLE X 


INTERACTION BETWEEN GRADE AND 1.Q. 
WITH RESPECT TO INFERENCE SCORES 


Source of Sum of Mean 
Variable Variance Squares Det Squares F Prob. 
Visual Interaction 858.063 10 85.806 -982 .465 
Inference 
Task 
Error 7867.56 90 87.417 
Auditory- Interaction 60.102 8 TUS <412, sO1U 
Haptic 
Inference 
Task 
Error 779.367 49 15.906 


2. Auditory-Haptic Inference Task Score: The mean auditory- 


haptic inference scores for each 1.Q. group in each grade were presented 
in Table VIII. The test for additivity for this variable resulted in an 


F value of .472 which corresponds to a level of significance of .870. 


Therefore, the interaction is not significant at the 0.05 level and 


hypothesis #5 was not rejected with respect to the auditory-haptic 


inference score variable. See Table X for a summary of these results. 


Conclusion: Hypothesis #5, dealing with the interaction 


between grade and I.Q., was accepted on the basis of the scores 
obtained for both the visual inference task and auditory-haptic infer- 
ence task variables. It was concluded, thererore, that no significant 


interaction occurred between high, average, and low 1.Q. groups in 


grades one through six for the variables identified in this study. 
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Hypothesis #6 


There is no significant interaction between grade level and 
sex with respect to: 

(a) visual inference task score, 

(b) auditory-haptic inference task score. 

The purpose of hypothesis number six was to determine if sex 
has any differential effect on each of the criterion scores in differ- 
ent grades. The data upon which this hypothesis was based were 
analysed by means of the test for additivity calculated by means of 
the ANOV25 IBM 360/67 computer program. Figures 3 and 4 show the 
relationship between inference scores in each grade level and the 


sex variable. 


1. Visual Inference Task Score: The mean visual inference 
scores for boys and girls in each grade were presented in Table V. 
The test for additivity on this variable yielded an F value of 1.469 


which results in a level of significance of .207. Therefore, there 


is no significant interaction between sex and grade on the visual 
inference task score variable and hypothesis #6, with respect to this 
variable, was accepted. Table XI provides this information. 

2. Auditory-Haptic Inference Task Score: The mean auditory- 
haptic inference scores for boys and girls in each grade are also pre- 
sented in Table V. The test for additivity on this variable resulted 
in an F value of .669. A probability of .617 which is not significant 
at the 0.05 level, was yielded by this F value. Therefore, hypothesis 


#6, with respect to the auditory-haptic task score was accepted. 
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Table XI contains a summary of this information. 


TABLE XI 


INTERACTION BETWEEN GRADE AND SEX 
WITH RESPECT TO INFERENCE SCORES 














Source of Sum of Mean 
Variable Variance Squares D.F. Squares F Prob. 
Visual Interaction 799.375 S) TESS ee fs) 15469) 2207 
Inference 
Task 
Error 10447.2 96 108. 826 
Auditory- Interaction 44.941 4 123) 009.017 
Haptic 
Inference 
Task 
Error 907.313 54 16.802 





Conclusion: Hypothesis #6, dealing with the interaction 


between grade and sex, was accepted on the basis of the analysis of 
both the visual and auditory-haptic inference task scores. It was 


therefore concluded that, on the basis of the criterion variables 
measured in this study, no significant interaction occurs between 


boys and girls in grades one through six. 


Hypothesis #7 


There is no significant interaction between I.Q. and sex 
with respect to: 
(a) visual inference task score, 


(b) auditory-haptic inference task score. 
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The purpose of this hypothesis was to determine if I.Q. has 
any differential effect on each of the criterion scores in the sample 
tested. The analysis used for this hypothesis was the test for 
additivity calculated by means of the ANOVZ5 IBM 360/67 computer 
program. Figures 5 and 6 show graphically the relationship between 
inference score, I.Q. and sex for both inference tasks. 

1. Visual Inference Task Score: The mean visual inference 
scores for boys and girls in each I.Q. group are presented in Table XII. 
The test for additivity on the visual inference score variable yielded 
an F value of .535 which results in a level of significance of .587. 
Therefore, there is no significant interaction between sex and I.Q. 
with respect to the visual inference variable. Hypothesis #7, with 


respect to this variable, was accepted. Table XIII summarizes this 


information. 

2. Auditory-Haptic Inference Task Score: The mean auditory- 
haptic inference scores for boys and girls in each I.Q. group are pre- 
sented in Table XII. The test for additivity on the auditory-haptic 
inference score variable yielded an F value of .106 resulting in 
a probability level of .899. Thus, there is no significant inter- 
action between sex and I.Q. with respect to the auditory—-haptic infer- 
ence variable. Hypothesis #7, with respect to this variable, was 
accepted. Table XIII contains this information. 


Conclusion: Hypothesis #7, dealing with the interaction 


between I.Q. and sex, was accepted on the basis of the analysis of both 


the visual and auditory-haptic inference task scores. It was, 
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TABLE XII 


MEAN INFERENCE SCORES FOR 
EACH I.Q. GROUP BY SEX 
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therefore, concluded that on the basis of the criterion variables 
measured, no significant interaction occurs between I1.Q. groups and 
boys and girls in grades one to six. 

The significance and implication of these conclusions are 


discussed in Chapter 5. 


DESCRIPTION OF PERFORMANCE 


The average performance of the pupils in each grade for each 
of the scored patterns in the visual inference task is shown in Table 
XIV, the average performances of the pupils in each grade for each 
of the scored boxes and criteria in the auditory-haptic task being 
given in Table XV and Table XVI. 

These tables indicate the following: 

1. Visual Inference Task. Eight separate patterns of blocks 
or slopes or blocks and slopes were used in presenting this task to 
each child. 

Scores on the first pattern, which consisted of one block in 
slots two and five, (see Figure 7) were fairly constant and of the 
same order of magnitude for all grades except grade one, which was 
somewhat lower in magnitude. The mean score on pattern one for grade 
one was 2.94 with the mean scores for grades two to six varying from 
3.67 to 3.89 out of a possible total of 4.00. Thus, for grade two 
to six, patterns involving blocks only were identified with little 


difficulty. 
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TABLE XIV 


MEAN VISUAL INFERENCE SCORES FOR 
EACH PATTERN BY GRADE 
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MEAN AUDITORY-HAPTIC INFERENCE SCORES 
FOR EACH CRITERION BY GRADE 
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FIGURE 7 


BLOCK AND BALL DISTRIBUTION 
FOR PATTERN ONE 

The mean scores for pattern two showed that a decrease in 
difficulty in performing the test was experienced by the students in 
progression from grade one through six. This pattern consisted of a 
right handed slope in slot three and a block in slot seven (See 
Figure 8). The introduction of a slope seems to have been responsible 
for a general depression in the mean scores for each grade for pattern 
two compared with that obtained for pattern one, the total possible 
score being the same for both patterns one and two. 

Pattern three consisted of a right handed slope in slot one, 
followed by a block in slot four and another right handed slope in 


slot eight (See Figure 9). 
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FIGURE 8 


BLOCK, SLOPE AND BALL DISTRIBUTION 
FOR PATTERN TWO 





FIGURE 9 


BLOCK, SLOPE AND BALL DISTRIBUTION 
FOR PATTERN THREE 
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ded. 


Once again, a continual improvement in scores trom grade one 
through grade six was noted with the exception of grade five which 
scored slightly lower than grade four. 

The fourth pattern appeared to present the most difficulty to 
the students. It consisted solely of a left handed slope in slot 
number four (See Figure 10). Apparently, the children had problems in 
adjusting their thinking to accommodate a left handed slope even though 
they were told at the outset that there would be other "kinds" of 
slopes. In terms of the total possible percentage scores for this 
pattern the means ranged from 30.5% for grade one to 83.5% for grades 


four and six. 





FIGURE 10 


SLOPE AND BALL DISTRIBUTION 
FOR PATTERN FOUR 
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Pattern five consisted of a left handed slope in slot two 
with a block in slot five and a left handed slope in slot eight (See 


Figure 11). 





FIGURE 11 


BLOCK, SLOPE AND BALL DISTRIBUTION 
FOR PATTERN FIVE 

Each grade mean score for pattern five was approximately the 
same as that obtained for pattern three. There was a continual increase 
in score from grade one through to grade six, again with the exception 
of grade five, which scored lower than grade four. 

Pattern six consisted of combined left and right handed slopes 
in slots two and three, with a block in slot six (See Figure 12). The 
mean scores derived from this pattern showed a progressive increase in 
magnitude ranging from 3.00 for grade one to 5.44 for grade six, the 
total possible being 6.00. It is to be noted that the mean scores 
for each grade for pattern six are greater than those for pattern 


five, indicating that the children may have benefited from their 
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experience with patterns four and five. At this stage of the test 
cycle it appeared that the majority of children had few problems in 


identifying the presence of a block. 





FIGURE 12 


BLOCK, SLOPE AND BALL DISTRIBUTION 
FOR PATTERN SIX 

In pattern seven a right handed slope was placed in slot two 
with a left handed slope in slot four and a right handed slope in slot 
five (See Figure 13). 

This particular configuration appeared to cause somewhat more 
difficulty than pattern six. Once again, this pattern proved to be 
much more difficult for the early grades than for grades four, five 


and six. 
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FIGURE 13 
SLOPE AND BALL DISTRIBUTION 
FOR PATTERN SEVEN 
The eighth pattern was the most complicated. A double-slot 
left handed slope occupied slots two and three, a right handed slope 
was located in slot four, a left handed slope in slot six and a right 
handed slope in slot seven. Finally, another right handed slope was 


placed in slot nine (See Figure 14). Grades one, two and three 





FIGURE 14 


SLOPE AND BALL DISTRIBUTION 
FOR PATTERN EIGHT 






KOLTURIRTSTG LIAR GUA SIOe | 
Wave MHSTTAS KOR 


7 
jola-slduob A .botsoliqnoo Jeom sf3 saw mresspg Motete eft 7 
aqola bsboed jdgtys , sad? bas ows adole hetquese sqole bebnad siel 


Jigit 6 bas xte Jole nt sqole bsbmat stel 6 ,tuot dole ak badasol saw 7 
esw sgole bsbosd angina wdi0ns. -yileate .29v98 tole at sqoke bobaad faa 


ssid3 bos ow) ,9n0 asbsax0 





81 


appeared to have more difficulty with this pattern than did grades 
four, five, and six. The mean scores derived for grades one, two, and 
three varied from 3.28 to 8.00 whereas the values varied from 9.44 to 
10.12 for grades four, five and six, the total score possible being 
12.00. Direct observation of the younger children as they worked on 
this pattern of distribution of balls seemed to indicate that they had 
great difficulty in relating and comparing the many slopes giving 

rise to the pattern. 

For all of the patterns the students in grades four, five, and 
six appeared to have few difficulties as their mean raw scores were 
consistently relatively high. This could mean that students at this 
level have few problems with drawing inferences from observed data, 
while those at the lower level are still at the stage where this 
ability is developing. This information is summarized in Table XIV. 

2. Auditory-Haptic Inference Task. The raw scores obtained 
for the six boxed objects indicate a progressive increase in score from 
grade two through six. Few variations from this trend were observed 
most of them occurring at the grade five level where the scores 
obtained for each boxed object were lower than those obtained for the 
same objects by grade four students (See Table XV). 

The apparent difficulty level of the task associated with 
each box at each grade level is of some interest. The first box, con- 
taining a rubber ball, appeared to present the easiest task for all 
six grades. The second box, containing a weighted, rectangular, cardboard 


prism, afforded the second easiest task with respect to the drawing 
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of inference from observation from the point of view of the children. 
Box three, containing an aluminum rod about 1/2" in diameter and six 
inches long, generally presented greater difficulty than boxes one or 
two. The contents of boxes four and five appeared to present the most 
difficulty in interpretation for all six grades. Box four contained a 
circular disc made from a six inch roll of masking tape, and box five 
contained a weighted plastic pyramid with a two inch square base and a 
height of two and one-half inches. The mean scores obtained for the 
disc (Box 4) ranged from 2.67 for grade two to 3.45 for grade four; 
the total possible being 10.00. The mean scores for the pyramid (Box 
5) varied from 2.57 for grade five out of a total possible of 9.00, 

to 3.50 for grade six with the other three grades having scores 
between 2.57 and 3.50. The sixth box, containing a balloon filled 
with mercury was found to present less difficulty to the students than 
boxes four and five. Table XV summarizes this information. 

An analysis of the criteria used by the different grades in 
forming their inferences about the objects in the boxes is quite 
revealing. See Table XVI. 

_ The "label" criterion appeared to be used more frequently by 
grade two than by any other grade. A mean score of 1.25 for grade two 
out of a possible total score of 6.00 for this criterion for all boxes 
combined could be compared with mean scores of .55, 1.00, .45, and .76 
for grades three to six respectively. 

The "movement" criterion was identified considerably more fre- 


quently by grades two and four than by the other grades. The grade two 
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mean score of 8.83 and the grade four mean of 10.29, out of a possible 
maximum of 15.00, are to be compared with the next closest mean score 
of 2.14 obtained by grade six. 

The "shape" criterion much as in the case of the "movement" 
criterion was again chosen more frequently by grades two and four than 
by the other grades. Mean scores were 2.08 and 3.14 for grades two 
and four, out of a possible total of 6.00. 

The "composition" criterion and the "sound" criterion showed 
the same kind of frequency pattern as did the "movement" and "shape" 
criteria. In both cases grade two and four students scored consider- 
ably higher than the students from grades three, five and six. See 
Table XVI. 

The "weight" criterion was selected by students from each grade 
with about the same frequency. The mean scores on the "weight" cri- 
terion varied from a low of 0.99 for grade five to a high of 1.83 for 
grade two. The total possible was 6.00. 

The "size" criterion was not chosen very frequently by students 
from any grade although students from the upper grades showed a fairly 
distinct preference for this criterion compared to children in the 
lower grades. The mean scores, out of a possible of 6.00, were 0262 
and 1.09 respectively for grades five and six while the mean scores for 
grades two, three and four were 0.16, 0.37 and 0.28 respectively. 

Mean scores on the "feel" criterion were all quite low» with 
no real distinction being possible among grades other than perhaps in 
the case of the grade five students who achieved a mean score of 1.50 


out of a possible total of 8.00. This is to be compared with the next 
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highest mean score of 0.83 obtained by grade six. 

It should be noted that, on a percentage and ranking basis, 
the total sample achieved the highest scores on the following four 
criteria: sound, composition, weight and movement in that order. 
These four criteria, however, happen to be those for which the inves- 
tigator chose to give a prompt if the student did not consider them 
in his response and the scores noted above should be viewed with this 


in mind. This information is summarized in Appendix G. 
SUMMARY OF RESULTS 


Hypothesis #1 examined the relationships between visual and 
auditory-haptic inference scores and the relationships existing 
between each inference score and other variables. A significant rela- 
tionship was found to exist between the scores obtained for the two 
inference tasks. In addition, significant relationships were found to 
occur between each inference task and age, general intelligence, 
spatial relations ability and numerical ability. Significant relation- 
ships were also found between visual inference score and grade, verbal 
ability, reasoning ability and perceptual speed ability. 

Hypothesis #2 which compared boys scores with girls scores in 
each of the grades one through six showed a significant difference 
between sexes only in the case of grade one for the visual inference 
task. In this instance the performance of the boys was superior to 
that of the girls. 


Hypothesis #3 compared the inference scores obtained by each 
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grade with the inference scores for each of the other grades. A 
significant growth pattern was apparent through the first three grades 
for the visual inference task. No such significant pattern was found 
for the auditory-haptic task although the score means did increase 
through the grades. 

Hypothesis #4 compared the scores obtained for each task by 
each of the I.Q. groups in each of the grades one through six. 
Significant differences were found between the high and low I.Q. groups 
for the visual inference score for grades two, three, four and six. 
Few significant differences were found between the high I.Q. and aver- 
age I.Q. groups and between the average 1.Q. and low I.Q. groups for 
the visual inference task. No significant differences were found 
between any pair of I.Q. groups for the auditory-haptic inference task. 

Hypothesis #5 examined the possibility of interaction between 
the variables of I.Q. and grade level. It was found that no signifi- 
cant interaction existed with respect to the visual and auditory- 
haptic inference scores. 

Hypothesis #6 revealed the absence of significant interaction 
between grade level and sex with respect to the two criterion 
variables. 

Hypothesis #7 like #5 and #6 did not reveal the presence of 
significant interaction between I.Q. and sex for the visual and 


auditory-haptic inference tasks. 
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CHAPTER 5 


SUMMARY, CONCLUSIONS, IMPLICATIONS AND 
SUGGESTIONS FOR FURTHER RESEARCH 


SUMMARY 


The main purpose of this study was to measure the inference 
abilities of children in grades one through six. An examination of 
the development of these abilities may be useful in determining what, 
if any, significant predictors of inference ability are available. A 
comparison of the grades with respect to each inference task was 
carried out as well as a study of the difficulties students encoun- 
tered in performing inference tasks. 

The study was carried out using a sample of one hundred and 
eight elementary school students, thirty-six from each of the Edmonton 
Public, Edmonton Separate and County of Strathcona school systems. The 
sample for the visual inference task consisted of eighteen randomly 
selected students from each of the grades one through six. Sixty-four 
students in grades two through six from the above sample also partici- 
pated in the testing associated with the auditory-haptic inference 
task. 

The I.Q. level for each child was assigned on the basis of his 
I.Q. score on the S.R.A. Primary Mental Abilities Test administered 
just prior to the investigation. The five subtests which are stated to 
measure five primary mental abilities within this particular measure of 


general intelligence were used in order to determine which mental 
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abilities, as defined by the test, contributed most to the inference 
process. 

Each student was tested individually for inference ability by 
the investigator in a private room in the school which the child 
attended. For the visual inference task each child was presented with 
eight patterns of blocks or slopes or of blocks and slopes in an. 
"inference machine". They were then required to make inferences about 
the block and/or slope distribution based upon the distribution pattern 
observed when balls were rolled through the "inference machine". The 
students were scored on the basis of the inferences drawn from obser- 
vation of each pattern. For the auditory-haptic inference task each 
child was presented with seven closed aluminum boxes, six of them con- 
taining an object. The children were allowed to manipulate each box 
as much as they wished and, based on this manipulation, they were 
required to infer as much as possible about the nature of the object in 
each of the boxes, which they were not allowed to open. The possible 
responses were classified according to eight basic but comprehensive 
criteria. Student scores for each of the tasks were determined on the 
basis of their comments regarding the nature of the object in the box. 
"Unacceptable' criteria, e.g., color, were not given a score by the 
investigator as this property could not be observed by the student. 

See data sheet in Appendix E. 

The total data obtained from each inference task were subjected 

to an analysis of variance calculated by means of the ANOV1@, 15, and 


25 IBM 360/67 computer programs as well as Pearson Product Moment 
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correlations calculated by the DEST@5 IBM 360/67 computer program. All 
programs were provided by the Division of Educational Research Services 


of The University of Alberta. 


CONCLUSIONS 


The specific conclusions relating to each hypothesis are found 
in Chapter 4. On the basis of this information the following general 
conclusions were formulated: 

1. <A significant relationship exists between an elementary 
school child's ability to infer from a visual observation and his 
ability to infer from an auditory-haptic observation. 

2. A student's potential success at being able to infer can 
be predicted, in part, by knowledge of his age, and on the basis of 
a knowledge of general intelligence, spatial relations ability and 
numerical ability as determined by means of the S.R.A. Primary Mental 
Abilities Test. 

3. Knowledge of an individual's verbal ability or reasoning 
ability, as determined by means of the indicated S.R.A. test, were not 
predictors of the ability to infer on the basis of auditory-haptic 
observations. However, both verbal ability and reasoning ability 
together with grade level served as predictors of the ability to infer 
on the basis of visual observation. 

4. The sex of an elementary school student did not influence 
his or her. performance on the inference tasks other than in the case 


of the visual inference task at the grade one level, where boys did 
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appreciably better than the girls. Sample bias probably contributed 
to this isolated case of a sex-based difference. 

5. Significant differences on performance of the visual infer- 
ence task occurred between grade one and the other four grades with a 
significant difference also noted between grade two and grades four 
and six. There did not appear to be any significant differences 
between any of the grades on the basis of the scores obtained on the 
auditory-haptic inference task. 

6. With respect to I.Q., the high I.Q. group obtained higher 
scores on the inference tasks than the average I.Q. group, which in 
turn scored higher than the low I.Q. group, although none of these 
differences were significant for the auditory-haptic inference task. 
Significant differences in performance among I.Q. groups were found 
to occur most frequently between the high I.Q. groups and the low I.Q. 
groups for the visual inference task. There were few significant 
differences between the average I.Q. group and either the high or low 
I.Q. groups. 

7. The most significant result from this study would appear 
to be that emerging from hypothesis #3. A significant improvement in 
performance on the visual inference task was found to take place from 
grade one to grade two, with a continued but less significant rate of 
improvement occurring in grades three through six. The occurrence of 
a rapid increase in score from grade one to grade four for the visual 
inference task with a less rapid increase thereafter, tends to support 


the suggestions of Piaget and perhaps those of Gagné with respect to 
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the existence of developmental growth stages in the ability to 
handle tasks, even though the results obtained in this study are, at 
this juncture, of a somewhat tentative nature. 

8. The lack of any significant performance differences between 
any two grades on the auditory-haptic inference task was also a matter 
of some interest. From the data collected it would appear that the 
younger children show a preference for the use of criteria such as 
label, movement and shape, whereas older children prefer to use size 
and weight criteria. However on the basis of overall scores such 
variations in preference tended to cancel one another out and the 
resultant effect was one of an absence of significant differences in 
performance between grades, although such differences on the bases 


indicated may be looked for. 
IMPLICATIONS FOR TEACHING AND EVALUATION 


The following implications may be drawn from this study: 

1. The mean inference scores determined during the course of 
this study for each of the grades one through six for the visual and 
for the auditory-haptic inference task should prove helpful in com- 
paring and evaluating the inference ability of other students on the 
basis of similar inference tasks. 

2. The mean scores by grade for each inference task may be 
usetul in setting standards of performance for those parts of the 
process oriented elementary science instructional sequence which 


involve inference. 
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3. The study indicates that inference related activities and 
experiences should be part of the grade one through six science pro- 
gram as no specific peak in ability with respect to this process was 
reached at or before the grade six level. Although there were indi- 
cations of a reduction of inference ability at the grade five level 
this reduction was probably due to sampling bias. 

4. The generally low scores on the auditory-haptic task imply 
that most elementary students should have experiences which enhance 
those powers of observation which have a basis in the auditory and 
haptic modes. 

5. Special kinds of programs for the development of inference 
skills would appear to be needed for those students with a low I.Q., 
especially at the grade one and two level, where the discrepancy 
between the low I.Q. group and the high I.Q. group was the most 
pronounced. 

6. Boys and girls appear to have the same basic inference 
abilities, thus presenting an area in which both sexes may be expected 
to perform equally well in tasks involving the drawing of inference 
from observation. 

7. The use of tasks similar to those used in this study could 
serve as diagnostic tools for assessing the inference abilities of 
students in grades one through six. The tasks could then be used 


periodically to determine a student's growth in the inferring process. 


SUGGESTIONS FOR FURTHER RESEARCH 


This study showed a rather considerable increase in visual 
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inference score for the first four grades, a more gradual increase 
then being noted over the last two grades. Further research might be 
profitably undertaken to determine whether this levelling off was due 
to some intrinsic factor associated with inference ability tasks 
employed in this investigation, to the nature of the particular task 
used, or perhaps to the nature of the sample used in this study. 

The nature, distribution and sequence of presentation of the 
blocks and slopes may well have a significant influence upon the nature 
of the results obtained from tasks similar to those employed in this 
study, and this area warrants further investigation. 

In addition the nature and order of presentation of the boxed 
objects, as well as the significance of the size of the boxes and 
objects, is another area to be considered for further research with 
regard to the auditory-haptic task. 

In this study it was found that auditory-haptic inference in 
the early elementary grades is based on criteria which are different 
from those employed in the later elementary grades. Additional 
research into the auditory-haptic inference abilities of elementary 
school students may be furthered by determining additional and more 
specific criteria which may be used at particular grade levels. 

The effect of prompting upon some of the results obtained from 
this study as well as the significance of the criteria employed during 
prompting require further investigation in order to ascertain the 
overall influence of these factors. 


Further studies would be useful in determining the grade levels 
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over which significant development of inference ability continues. 
This knowledge would be useful in the formulation of a coherent and 
sequential process based curriculum. 

As indicated, the grade five inference scores in both infer- 
ence tasks were generally lower than the grade four scores for each 
of the inference tasks. A more detailed study of this finding 
involving administration of the inference tasks to a different and/or 
more extensive sample may yield information that would explain this 
somewhat anomalous outcome. 

In this study, the visual and the auditory-haptic modalities 
were the channels of sensory input. Further research using other 
modalities such as smell or taste, might be useful in determining 
inference abilities of elementary school students. 

The results in this study include the average inference scores 
for students who have been on the new science curriculum for a maxi- 
mum of four years. A similar study might be conducted at a later date 
to determine whether increased exposure to the new science program has 
had any significant influence on the development of the inference 
abilities of students. 

A further possible area of research and development could 
involve the formulation of a series of specific and general exercises 
which would enable the student to build upon what might be termed his 
intrinsic ability to carry out tasks involving the drawing of infer- 
ences from observation. In addition a great deal of effort will be 


required to integrate the significant results of process studies into 
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some form of feasible science program. This task will include the 
development of simple and effective testing techniques and devices 
which provide a maximum amount of information with respect to a 
particular child's process development, yet may also be used for 


testing children in groups. 
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APPENDIX A 


Process Skills (Methods of Inquiry) 
(Curriculum Guide, 1969, pp. 7-9) 


PROCESS DESCRIPTION OF BEHAVIOR 


Basic Processes 


Observing The desired pupil behavior is increasing 
competence in using not only his sense of 
sight but also his other senses of hearing, 
touch, smell and taste. 


Classifying The desired pupil behavior is increasing 
competence in grouping articles, objects 
and ideas on the basis of some observable 
property or properties. 


Quantifying The desired pupil behavior is increasing 
competence in measuring length, weight, 
area, volume, and rate of change of the 
physical world. 


Communicating The desired pupil behavior is increasing 
competence in describing an experiment so 
that an individual who has not seen it 
can carry it out. 


Inferring The desired pupil behavior is increasing 
competence in drawing more than one in- 
terence from a set of data, demonstrating 
that inference can be tested by further 
observation, and demonstrating that an 
inference can be tested by applying known 
tests to the properties of objects. 
Pupils should indicate that they are able 
to distinguish between observations and 
inferences. 


Predicting The desired pupil behavior is increasing 
competence in conducting experiments to 
test predictions of relationships between 
two measurable quantities. 
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Making 
Operational 
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Interpreting 
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Formulating 
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Experimenting 
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The desired pupil behavior involves devel- 
oping increasing competence in stating a 
hypothesis regarding causes of a phenomenon 
or the relationship between two variables. 
A hypothesis tells how to observe an ex- 
pected outcome of an experiment. 


The pupil should demonstrate increasing 

competence in stating the minimum things 
to do or look for in order to identify 

the subject being defined. 


The desired pupil behavior is increasing 
competence in arranging conditions so as 
to be able to deliberately control and 
manipulate objects or conditions in an 
experiment. 


The desired pupil behavior is increasing 
competence in getting the most out of data 
without over-simplifying, drawing con- 
clusions supported by the data, and con- 
sidering alternative explanations. 


The desired pupil behavior is increasing 
competence in building both physical and 
mental models to account for phenomena. 


The desired pupil behavior is increasing 
competence in planning, conduction and 
communicating experiments in which the 
problem is clarified, hypotheses are stated, 
observations are made, and data is inter- 
preted. This process depends upon the 
pupil being able to use all of the other 
processes. 
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PROCEDURAL INSTRUCTIONS FOR 
VISUAL INFERENCE TASK 
- Hello . You remember I said I would be back to 
meet with you by yourself. 

Today we are going to work with this little machine. It is 4 
wooden box with a glass bottom. Notice that there is a slope to the 
glass. There are ten slots in the box. Each slot is separated by a 
strip of wood except for the middle of each slot. I will use these 
steel balls to roll in each slot like this. Notice how they roll 
straight through each slot. This lid flips over and covers the 
centre part of each slot like this. 

Now I will put our machine up on the overhead projector. The 
picture you see on the wall is just like looking at the machine. See 
the ten slots. Watch as I put a ball into each slot. Notice the 
black section across the middle where the lid is. (Lift up lid). 

Each time the balls will all go straight through the slots unless I 
put something in here to make them do something other than go straight 
through. 

The first kind of thing I will put in is called a block. I 
won't show you a block but I will show you what a block does. I will 
put a block in slot three. Watch closely as I begin dropping balls 
in slot one. Number one, number two; (now remember there is a block 


in slot three), number three, number four, number five and so on. 
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Did you see what the block did in slot three? Good. Now you must 
remember what a block does. 

The second kind of thing I will put in is called a slope. 
Again, I won't show you a slope, but I will show you what a slope 
does. I will put a slope in slot three. Watch closely as I begin 
dropping balls in slot one. Number one, number two (now remember 
there is a slope in slot three) number three, number four, number 
five, number six and so on. Did you see what the slope did in slot 
three? Good. 

Now let's look at your answer sheets. Notice that each box 
looks like a small copy of what is on the wall. For each box that 
you have on your answer sheet I will set up a pattern in the machine 
using blocks and slopes. For example, if you think I have put a 
block in slot nine you will put a B in the little square at the 
bottom of slot nine. If you think I have put a slope in slot nine 
you will put an S in the square at the bottom of slot nine. After 
you have indicated where the slopes or blocks are I want you to draw 
them the way you think they look in the middle part of the slot. 

Do not put an S or a B if you do not think that either a slope or a 
block is in a slot. You should watch me drop all ten balls before 
you begin to fill in the answers. 


Are there any questions? 
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COMPLETED DATA SHEETS FOR 
VISUAL INFERENCE TASK 
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NAME SCHOOL GRADE AGE 





(1/2 of natural size) 


COMPLETED VISUAL INFERENCE TASK DATA 
SHEET - AVERAGE SCORING STUDENT 
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Project: P. Plester _ Inference 1972 Department of Elementary Education UofA 








Name _____ Grade Age _ School 
ee Tape Number: Track Side _—sFt. 
T POINT ___SCORE OMMENT 
1. Label Ball, ball shaped, a 
ball thing 
Cee So 
_ Moves Bounces, hops 
| 3. Weight Heavy Ba 
Medium 
Light 
4. Size Small, little, like an ho a 
orange, etc. 
5. Shape Round, circle, oval, sphere, | 
[Regione pkatrigie | 
6. Composition Rubber, bo i 





f Sound Low pitch, dull, booming 


| 8. Feel’ as t strikes Vibrates, resilient, 
DO xX 


Wit saa ————— = 
Box, prism 
) 









"4 





| Light 
ea Sie, | ee par ak eee 
5. Shape Flat sides, box shape ie Sa 


Cardboard, wooden 
7. Sound Thu™ping, low tone, clunking, 
drumlike, banging 
e. 'Feel'' as it strikes 
box 


AUDITORY-HAPTIC INFERENCE TASK DATA SHEETS 


(2/3 of natural size) 
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Rolls | 
Slides 
Flips, falls 
Poe, | 
Medium 
= ae 
6" x 2" 
ine a eS 
—ecomposition | Steetatuminum, metal Tf 


sound, ringing sound 
8. Feel’ as it strikes Solid, hard, brittle —|—-——— 
box 












Soft material, plasticine, 


Solid, fairly hard 






8. 'Feel'' as it strikes 
box 


ae 


fi Jale 





Lay 
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Category 
5 Pyramid 


Slides 
Tumbles 


2. Way Object Moves 


z 
& 


3. Weight 


Medium 
Light 
Approx. 1/4 of box 


Square and triangular sides 


five flat sides 
Hard material, plastic, 


6. Composition 
har 


rsh, loud, bit 


8. ''Feel'' as it strikes} Solid, hard 


| 





box 


or Label Mercury in balloon 


2. Way Object Moves | Tumbles 


i" 


Slides 
Flop 
3. Weight 
4. Size Size of orange, apple, 
io baseball, tennis ball 
| 5. Shape Amorphous 
6. Composition Soft material, rubber like 
7, Sound thud, 


8. ''Feel'' as it strikes| Vibrates 
box 
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Project: P. Plester _ Inference 1972 Department of Elementary Education Uof A 


Name Grade gb Age /2 School 
en /{Z Tape Number: Track 7 Side / Ft. O9/ 


CATEGORY x OR 
1. Label Ball, bal! shaped, / 
| ball thinc 

Moves Bounces, hop 

















S| > 


rt Ro 
Medium 
Light 
4. Size Small, tittle, like an —-4 
orange, etc. 
5. Shape Round, circle, oval, sphere, 
ag estas eo beevad tine tl cts tamale |— 














Low pc, dl, toring 


8. 'Feel'' as t strikes Vibrates, resilient, 


Sg 
| 
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-iS 
z 
Mf 


Box, prism 


2. Way Object Moves 

3. Weight Heavy 
Medium 
Light 


Bok Te Tare 





Flat sides, box shape 


6. Composition Cardboard, wooden 


7. Sound Thu™ping, low tone, clunking, 
drumlike, banging 


8. Feel’ as it strikes 
box 
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(2/3 ef natural size) 


AUDITORY-HAPTIC INFERENCE TASK DATA 
SHEETS - HIGH SCORING STUDENT 
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Pencil size, dimensions 
6" x 2" 


Suid SEC ie MS 
6. Composition Steel, aluminum, metal 


7. Sound High pitch, high sound, clanging 1 |wery, ete 
sound, ringing sound / Har 
8. 'Feel'' as it strikes Solid, hard, brittle lwelshted | 
box 


2. Way Object Moves 








4. Size Describe or compare 

-up to 1" thick 

-5"'-& Tin diameter 
5. Shape Round and flat Feed 
6. Composition Soft material, plasticine, 

Co ny li 


8. ''Feel'' as it strikes Solid, fairly hard 
box 
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8. ''Feel'’ as it strikes 
box 









5)) Label 


4. Size Size of orange, apple, 
baseball, tennis ball ‘ 
aiipecus sere eieean bao! 
6. Composition Soft materia}, rubber like | 7p | rubber ef some” | 


~-s9u60a 
a aaa 
8. ''Feel'' as it strikes} Vibrates 
Soft 


/ands ver 
as tha Migr ia 
poe 













Pr 
sass 337 Tabi 
or ee | 
a 
\samer TAR yoy | 













yotpes sie 
4 Wher sti 


22 


Project: P. Plester — Inference 1972 Department of Elementary Education Uof A 


Name Grade H& Age G School 
_Room 3 = Tape Number: Track / Side / Ft. 760 
] ae te Seco 
CATEGORY 1 POINT SCOR OM ME NI 


ball thine 
Moves Bounces, hop 
Heavy 
Medium 
Light 
Pune Small, little, like an 
orange, etc. 
Round, circle, oval, sphere, 
not square, fat, not a triangle 


rs} |W ~ 


[ 


. has corners 
-maybe $a 





Medium 
Light 
[A Size [Book siz, large 
(5. Shape | Flat sides, box shane 
6. Composition Cardboard, wooden 


Thu™ping, low tone, clunking, 
drumlike, banging 


8. Feel’ as it strikes 
box 


Me T= Ee] | | = BE 
a 
| 
‘a 


(2/3 of natural size) 


AUDITORY-HAPTIC INFERENCE TASK DATA 
SHEETS - AVERAGE SCORING STUDENT 
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1 Point Score 


#3 
1. Label 


2. Way Object Voves 















3, Weight 


Pencil size, dimensio 
6" x V2" 











High pitch, high sound, clanging 
sound, ringing sound 





—Seestiie d 


3. Weight Heavy 
Medium 
Light 


Describe or compare 
-up to 1" thick 
-5"'-& T' in diameter 
Round and flat 


Soft material, plasticine, 









8. 'Feel'' as it strikes 
box 


Solid, fairly hard 
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4. Size 
5. Shape Square and triangular sides eel 
five flat sides 


Solid, hard onl 


Mercury in balloon near 


Tumbles : 

Slides eee 

Flops 
ete eee 


Size of orange, apple, 
baseball, tennis ball 
Amorphous 


Soft material, rubber like 


8. ''Feel'' as it strikes} Vibrates 
box Soft 
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Project: P. Plester _ Inference 1972 Department of Elementary Education UofA 


Name Grade a Age i) School 
Room oa Tape Number: Track 2 Side / Ft. O 


CATEGORY 


ball thing 
Moves Bounces, hop 

Heavy 
Medium 
Light 

Pg tod eT tao tat urd cn 

orange, etc. 

5. Shape Round, circle, oval, sphere, 

not square, fat, not a triangle 


Low pitch, dull, booming 


8. ''Feel'' as t strikes Vibrates, resilient, 
Soft 


box 
2 | 
1. Label Box, prism 
2. Way Object Moves Slides 
Flip 


Esize | Book size tage 
5. Shape Flat sides, box shape 
6. Composition Cardboard, wooden 


Thumping, low tone, clunking, 
drumlike, banging 
oh, Sol 


(2/3 of natural size) 
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|__ Category 
#3 


1. Label Cylinder, rod , rolleer 
2. Way Object Moves Rolls 
Slides 
Pi Sin: 






















Pencil size, dimensions __ 
6" x 2" 


urd wT on |e 
6. Composition Steel, aluminum, metal "bre hed oeY uphoe ‘on 


7. Sound High pitch, high sound, clanging - bit louder 
Pc sonia ae sound, ringing sound than las? box 
8. ''Feel'' as it strikes Solid, hard, brittle 

DOX 


2. Way Object Moves 


4. Size 

























Flip 


3. Weight Heavy 
Light 
4, Size Describe or compare 
-up to 1" thick 
5"'-& T" in diameter 


5. Sha Fd a at 


6. Composition Soft material, plasticine, 


| 8. 'Feel'' as it strikes 
box 













Solid, fairly hard 
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| ___ Category | Point = Bcore 


@ 
Pyramid 
2. Way Object Moves 


3. Weight Heavy 
Medium 
Light 


4. Size Approx. 1/4 of box 
5. Shape Square and triangular sides 
five flat sides 
Sai lll 
hardwood 


8. ''Feel'' as it strikes} Solid, hard 








box 


Bro Label Mercury in balloon 


2. Way Object Moves | Tumbles 
Slides / 
Flop 


awe 
| 4. Size Size of orange, apple, 
baseball, tennis ball 
5Shije___[ Anorptous id Spare 


6. Composition Soft material, rubber like Pe Fe es 
| 7. Sound thud : od 
8 U -_ é Sous 
) Slops, 
8. 'Feel'' as it strikes Vibrates 

box Soft 
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RANK ORDER OF CRITERIA SELECTED 
BY EACH GRADE FOR THE 
AUDITORY-HAPTIC TASK 
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RANK ORDER OF CRITERIA SELECTED BY EACH 
GRADE FOR THE AUDITORY-HAPTIC TASK 


a a ee ee 


a I a 


Grade Two Grade Three Grade Four 
Sa ee ey a ia ac pe RS rc See te 
Movement Weight Composition 
Composition Composition Sound 
Sound Sound Movement 
Shape Feel Shape 
Weight Shape Feel 
Label Movement Weight 
Feel Label Label 
Size Size Size 
Grade Five Grade Six 
ee eae ee ee 8 ee 
Sound Weight 
Weight Sound 
Composition Size 
Movement Composition 
size Shape 
Shape Movement 
Label Label 


Feel Feel 


a a a ee ee 
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APPENDIX H 


TRANSCRIPTION OF ONE STUDENT 
INTERVIEW FOR THE AUDITORY- 
HAPTIC INFERENCE TASK 
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TRANSCRIPTION OF ONE STUDENT INTERVIEW 
FOR THE AUDITORY-HAPTIC INFERENCE TASK 

Alright, what we are going to do this afternoon (if you want 
to stand up and come over to these boxes) we're going to do some 
work with those seven boxes that you see in front of you. You can 
see they are all the same color, all the same size and all the same 
shape. Ok now, each of those boxes has one object; one thing in it. 
Ok. Of course you can’t see it because the boxes are all sealed 
shut. Now what I want you to do is to (we'll take one box at a time) 
pick it up, move it around, tip it this way, this way, upside down, 
shake it any way you want to, so you can learn as much as you can 
about the object in there. Then I want you to tell me as much about 
that object as you can. Anything you can tell me about it. Ok, now 
the first box there is empty, the very tirst one, so you can pick it 
up just to get an idea of what an empty box feels like. Feel how 
heavy it is. The rest of the boxes are made out of exactly the same 
thing, but they each have one object in them. Ok so you can put that 
one down and pick up number two and you can shake it and tip it. 
Tell me all you can about it. 

S: Its kind of heavy 

I: Its kind of heavy, (I'm going to be writing down 

everything you say). What else? 
S: Its sort of bouncy 


I: Its sort of bouncy. What else? 
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(10-12 seconds) 
What kind of a sound does it make? 
A hard sound 
A hard sound? 
Yeh 
What shape do you think it is? 
Round 
Oh, you think it is round. And how does it move in there? 
Its moving around when I move it 
What is it doing when it moves; how is it moving? Is it 
sliding or tumbling or falling or what is it doing? 
Its sliding 
It slides in there does it? What do you think is in there? 
A ball 
Would a ball slide? 
It could be rolling 
Oh it rolls, I see. What else can you tell me? What is 
it made out of? 
Sort of plastic 
Sort of plastic. Anything else you can tell me about that 
ball or object or whatever you think is in there? 
Ok, let's go to number three then. 
What can you tell me about that one? 
A big » sort of heavy, really heavy. 


Really heavy, eh. What were you going to say before that? 
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oe Pethinik fiswsyware. 

I: Think its square. Have you tried tipping it upside down? 
What else can you tell me about it? How does it move in 
there? 

S: It slides 

I: Slides, eh, and what? 

I: Does anything else besides slide? Don't think so? 

What shape do you think it is? Oh, you said you think 
its square. What do you think its made of? 

S: Cardboard 

I: I think it might be made out of cardboard. 

And, what about the sound that it makes? 

S: A loud sound 

I: Loud sound! What else can you tell me about that one? 

S: Anything? Ok, let's go to the next one then. 

Number 4 

S: Well 

I: Have you tried tipping it all different ways? Tip it 
right upside down 

S: I think its made out of wood 

I: Think its probably made out of wood? What else? 

S: And, sort of roundish shape 

I: Sort of roundish! Like 

S: .half round 

I: Oh, I see, like what? Do you know of something that 


would be shaped like that? 
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Sort of a hammer 

Sort of a hammer! (6 seconds) 

When you say roundish, you don't mean like an orange? 
No 

Ok, what else can you tell me? 

Its quite light 

Quite light eh? (4 seconds) 

What do you think its made out of? Oh, you said wood 
probably. How does it move in there? 

Well, it sort of slides 

Just slides. Its sliding in there now is it? 

And what about the sound that it makes? 

A loud sound 

Loud? You told me the last one was loud too. Was this 
just like the last one? 

A bit louder 

A bit louder. I see. (10 second pause) 
Anything else you can tell me? (8 second pause) 
Ok, lets to to number five. 

Its probably a square shape 

Its probably a square shape 

Made out of cardboard. And its big 

Big, How big? 

Well, like a big block 

Ok, what else can you tell me? (8 second pause) 


How does it move in there? 
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Its moving. 

What is it doing when it moves? 

Its sort of sliding 

Slides, eh? What do you think oh, you thought it 
was made out of cardboard. What about the sound that 
it makes? 

Well sort of makes a big sound like 

Like what? How would you describe it? 

Like a clump 

A clump? (pause) Ok, anything else? 

Ok, lets go on to number six, then 

Its quite heavy 

Quite heavy 

I think its round 

How do you - why do you think its round? 

It sort of feels like it 

Ok, what else can you tell me? 

Its big 

Big. How big is it? Big as an orange or a basketball 
or a grapefruit or ping pong ball or a marble or what? 
Big as a real big ball 

Ok, what else can you tell me? How does it move? 

Just slides 

Just slides, eh. What do you think its made of? 

A hard plastic 


A hard plastic. What about its sound? 
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A big sort of clump 

A big sort of clump. Oh, anything else? 

Ok, lets do number seven 

What can you tell me about that one? 

I think its made out of steel 

Made out of steel. Why do you think its made out of 
steel? 

Its quite heavy 

Quite heavy (pause). So its heaviness that tells you 
its made out of steel. What else can you tell me about 
Lee 

Its square 


Square. What makes you think its square? 


It just is. What kind of sound does it make? 

It makes a quiet sound 

Quiet sound. And how does it move in there? 

It slides 

Slides, eh. (pause) What else can you tell me 
about it? (pause) 

Anything? Ok, lets put that down and we can stop 


right there. 
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APPENDIX I 


TIMING OF THE VARIOUS 
PHASES OF THE STUDY 
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Timing of the Various Phases of the Study 


Pilot Study - 6.5 hours. 
Main Study - 54 hours - Visual Task 

- 22 hours — Auditory-Haptic Task. 
I.Q. Testing (Grades 1-3) - 8 hours (54 students in six 
schools). 
I.Q. Testing (Grades 4-6) - 11.5 hours (54 students in 
six schools). 


Total Data Collecting Time - 95.5 hours. 


BEL | 1 
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